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GENERAL INTRODUCTION
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1.
GENERAL INTRODUCTION 
" I t  has been f re q u e n tly  s ta te d  th a t  th e  v itam in s  in  
g enera l e x e r t  an in f lu e n c e  on re g e n e ra tiv e  p ro c e s se s , b u t 
u n t i l  re c e n t  y e a rs  no ex a c t experim en ta l in fo rm a tio n  has 
been a v a i la b le  on which d e f in i t e  o p in io n s  m ight be b a s e d ."
Arey (1936).
Wound H ealing
In  most in s ta n c e s  a l l  in ju r e d  t i s s u e s  re g e n e ra te  by th e  
growth and o rg a n is a t io n  o f  th e  t i s s u e  a lre a d y  p re s e n t ,  any 
d if fe re n c e s  between wounds in  th e  cou rse  o f  h e a lin g  b e in g  
s u p e r f i c i a l .  Ham ilton (I889) s ta te d  th a t  in  c lean  wounds 
of a d u l t  sk in  th e  r e p a i r  and rep lacem ent o f ep ith e liu m  i s  th e  
dominant f e a tu r e .  The c e l l s ,  a lre a d y  p re s e n t ,  d iv id e  and so 
re p la c e  th e  m iss in g  ep ith e liu m . Age does n o t a f f e c t  t h i s  
e p i t h e l i a l  dominance which ap p ears  to  be r e l a t e d  to  th e  
c h a r a c t e r i s t i c  arrangem ent o f  e p i t h e l i a l  c e l l s  in  la y e r s  
devoid  o f  b lood  v e s s e ls .  Arey (193^ ) » iR an e x c e l le n t  
su rvey  o f  wound h e a lin g , a lso  s t r e s s e s  th e  im p o rtan t p a r t  
e p ith e liu m  p la y s  in  a l l  ty p es  o f  r e p a i r .  In  th e  p rim ary  
ty p e , w ith  which t h i s  work i s  concerned, th e  wound i s  c l e f t ­
l i k e  and may be h e a le d  (a ) t h r o u ^  sim ple e p i t h e l i a l  re g e n e r­
a t io n  i f  no o th e r  t i s s u e s  be invo lved ; (b) by d i r e c t  union 
o f  th e  p a r ts  which p e rm its  uncom plicated  re g e n e ra tio n  o f  
e p ith e liu m  and co n n ec tiv e  t i s s u e ;  (c ) h e a lin g  under a scab
2 .
1^1 oh p ro T ls lo n a lly  cloeoe th e  wound.
In  th e  normal e u p e r f io la l  wound In  th e  gu inea p ig  the  
ex tension  o f  ep ith e liu m  from a l l  s id e s  i s  in  p ro g re ss  even 
on th e  f i r s t  day. Two f a c to r s  a re  o f  prim e im portance in  
the ra p id  r e s to r a t io n  o f e p i t h e l i a l  c o n tin u i ty  -  c o n tra c tio n  
and c e l l  movement -  Arey ( 19) 6) .  These, however, a re  n o t 
th e  only  e x p la n a tio n s  o f  wound c lo su re  t h a t  have been advanced. 
Some have a ss ig n e d  th e  whole cause to  p r o l i f e r a t io n  (E b e rth , 
I8 9 I; B ardeleben, I9 0 1 ) , w h ile  o th e rs  re c o g n ise  bo th  m ito s is  
and in c re a s e  in  c e l l  s iz e  as minor c o n tr ib u to ry  f a c to r s  
(W erner, 1) 02; Loeb, I92O ). A ll th e se  f a c to r s  undoubted ly  
p lay  a  p a r t  in  th e  p ro cess  o f  h e a lin g , b u t f i n a l  r e s to r a t io n  
o f  e p i t h e l i a l  d e f e c ts  i s  b rough t about by th e  movement o f  
e p i t h e l i a l  t i s s u e  from th e  i n t a c t  b o rd er zone over th e  
con n ec tiv e  t i s s u e  o r  o th e r  s u b s t r a te .  Advancing from a l l  
s id e s  th e se  m o d ified , repax*atlve e p i t h e l i a l  sh e e ts  meet and 
then  r e tu r n  to  t h e i r  normal s t a t e  o f o rg a n is a t io n .
C o n trac tio n  p la y s  an im p o rtan t p a r t  in  red u c in g  th e  a rea  
o f  an open wound g r e a te r  than  10 mm. in  d iam eter; on th e  
o th e r  hand, i t  i s  n e g l ig ib le  o r  ab se n t in  wounds o f 10 mm. 
o r  l e s s  -  C a rre l ( I9 1 0 ) . The maximum e f f e c t  o f  c o n tra c tio n  
i s  found in  m obile sk in  which i s  lo o s e ly  a tta c h e d  to  th e  
d eep er s t r u c tu r e s  and in  t h i s  in s ta n c e  th e  c o n tra c tio n  a f f e c t s  
b o th  ep iderm is and corium as a u n i t .  T his can be c le a r ly
3.
dem onstrated  on removing a c i r c u la r  d is c  o f  sk in  from th e  
o u te r  a sp e c t o f th e  t h i ^  in  th e  guinea p ig  o r  r a t .  The 
sk in -ep id e rm is  and c u t i s  v e ra  can be e a s i ly  c u t away from 
the  u n d e rly in g  ap o n eu ro sis  and c o n tra c tio n  ta k e s  p lace  
e a r ly  and r a p id ly  u n t i l  th e  wound h e a ls  a s  a sm all l i n e .
In  th e  e a r ,  a s  an example o f a lo c a t io n  where th e  sk in  i s  
f ix e d  to  d eeper, r i g i d  s t r u c tu r e s ,  c o n tra c t io n  i s  a  l a t e  
phenomenon c h a r a c t e r i s t i c  o f th e  f i n a l  p e r io d  o f wound 
c lo su re  Loeb ( l8 g 8 ) .  Burrows (I924) in te r p r e te d  th e se  
l a t t e r  r e s u l t s  on th e  b a s is  o f  a secondary c o n tra c t io n  o f 
th e  co n n ec tiv e  t i s s u e  wtiioh p r o l i f e r a t e s  e a r ly  in  th e  f lo o r  
o f  th e  wound; hence such c o n tra c t io n  i s  o f  the  n a tu re  o f a 
f i n a l  a c t  and r e s u l t s  from a re g re s s io n  o f th e  c i c a t r i x .
Movement o f C e l l s . The c h ie f  b io lo g ic a l  f a c to r  
re s p o n s ib le  f o r  th e  ex ten s io n  o f  ep ith e liu m  o ver th e  denuded 
a re a  i s  th e  amoeboid movement o f th e  ne ighbou ring  c e l l s  
th em se lv es . The sequence i s  as  fo llo w s. There i s  an e a r ly  
e p i t h e l i a l ! s a t i o n  t h r o u ^  a c t iv e  c e l l  movement, in  th e  absence 
o f  c e l l  d iv is io n ,  and a  l a t e r  m i to t ic  a c t i v i t y  a t  o r  beyond 
th e  m argin  o f th e  wound. This phenomenon i s  w idespread  in  
th e  h e a l in g  o f wounds bo th  in  in v e r te b r a te s  and v e r te b r a te s .  
Arey and Covode ( 1937) s t a t e  th a t  th e  ra p id  r e p a i r  o f  wounds 
o f  th e  c o rn e a l e p ith e liu m  shows a l l  in d ic a t io n s  o f be ing  due 
to  an a c t iv e  c re e p in g  o f th e  e p i t h e l i a l  c e l l s .
4 .
M ito s is  i s  n o t e  f e a tu re  o f the  i n i t i a l  s ta g e s  o f h e a lin g  
and in  sm all wounds m ito t io  a c t i v i t y  may n o t show any in c re a s e  
u n t i l  a f t e r  th e  e p i t h e l i a l ! s a t i o n  i s  com plete -  Arey ( 1932) .
In  suoh in s ta n c e s  th e  m ito t io  re g io n  may be q u ite  o u ts id e  the  
r e p a i r  a re a , and t h i s  a c t i v i t y  can then  be in te r p r e te d  a s  
com pensatory and f o r  th e  purpose o f r e s to r in g  c e l l s  l o s t  to  
th e  wound by "em igration.** In  th e  s tudy  o f  th e  r e p a i r  o f  
c o rn e a l ep ith e liu m  Arey and Oovode found an a c tu a l  d e c lin e  
in  m ito t io  frequency  d u rin g  th e  f i r s t  days fo llo w in g  an in ju r y .  
A lthough wound c lo s u re  was com plete in  s ix  to  te n  h ou rs i t  was 
n o t u n t i l  a f t e r  th e  fo u r th  day t h a t  the  r a t e  o f  m ito s is  
r e tu rn e d  to  no m a l .  T his may be fo llow ed by a  marked 
a c c e le ra t io n  d u rin g  th e  f i f t h  day, to  oxoeed th e  normal r a t e  
by 75 p e r  c e n t, and th en  th e  m ito tio  a c t i v i t y  r e tu r n s  to  
normal ag a in .
O ell Growth. D uring e p i t h e l i a l  r e p a i r  th e  c e l l s  and 
t h e i r  n u c le i  g a in  in  s iz e  bo th  in  th e  o ld  e p ith e liu m  a d jo in in g  
th e  wound and in  th e  new co v e rin g  la y e r  -  (S pain  and Loeb, 
1916); Akaiwa, 1919). The average gain  i s  about 35 p e r  c e n t, 
and t h i s  maximum i s  a t ta in e d  j u s t  p r io r  to  th e  c lo su re  o f  th e  
wound. The s iz e  in c re a s e  c o n tr ib u te s  in  a m inor way to  th e  
fo rw ard  ex ten s io n  o f  th e  growing membrane, b e s id e s  addlAg to  
I t s  th ic k n e s s  -  Loeb, I920 , The r a t e  o f  e p i t h e l i a l  movement 
depends, among o th e r  f a c to r s ,  upon th e  s iz e  o f  wound -  " th e
5.
r a p id i ty  o f e p i t h e l i a l  growth v a r ie s  d i r e c t l y  w ith  th e  s iz e  
o f th e  wound** -  ( Spain  and Loeh» 1916; C a rre l  and Hartmann, 
1916). The e p i t h e l i a l  tongues a lso  ex tend  f a s t e r  in  smooth, 
shallow  wounds th an  in  uneven wounds o r  th o se  in  which a firm  
adherence o f the  scab  p re se n ts  o b s ta c le s  to  th e  movements o f  
th e  o e l l s .  This e p i t h e l i a l  movement has been found to  be 
Biost e n e rg e tic  in  th e  guinea p ig  and much weaker in  th e  r a t  -  
Arey, 19) 6.
S ize  and Age. The f a c to r s  o f s iz e  and age a lso  have 
p o te n t in f lu e n c e s  on th e  r a t e  o f  h e a lin g . AG-E -  This 
r e l a t i o n  has been in v e s t ig a te d  w ith  g re a t  p re c is io n  by du 
Nouy (1932) who h a s  shown th a t  th e  age o f  a  p e rso n  can be 
ex p ressed  in  term s o f  a  c o n s ta n t. T his c o n s ta n t , when used  
in  th e  form ula o f th e  h e a lin g  r a t e ,  co rresponds to  th e  
p h y s io lo g ic a l  a c t i v i t y  and age o f th e  s u b je c t .  Or, s ta te d  
d i f f e r e n t l y ,  th e  index  o f  c i c a t r i s a t i o n  o f  a  wound in d ic a te s  
e x a c t ly  th e  age o f  a p a t i e n t .  The In c re a se d  r a p id i ty  o f 
h e a l in g  which i s  c h a r a c t e r i s t i c  o f a younger in d iv id u a l  i s  
u s u a l ly  accep ted  a s  be ing  due to  an in c re a se d  r a t e  o f c e l l u l a r  
p r o l i f e r a t i o n .  A nother i n t e r p r e ta t io n  i s  g iven  by Howes and
Harvey ( 19) 2) . They b e lie v e  th a t  h e a lin g  in  th e  wound i s
more r a p id  than  in  a d u l ts  because f ib r o p la s i a  b eg in s  e a r l i e r  
and i s  l e s s  r e ta r d e d .  W hatever th e  t r u e  e x p la n a tio n  may be, 
i t  i s  o b v io u s ly  im p o rtan t t h a t ,  i n  a l l  experim en ts on th e  
e f f e c t  o f  w ound-healing  su b stan ces  th e  an im als  should  be of
6.
th e  same age.
SIZE. The f a c to r  o f  e ls e  p lay s  a p a r t  o f prime 
im portance in  d e te rm in in g  th e  r a t e  o f  h e a lin g  o f a c le a n  
wound and every  o a re  must be taken  to  ensure  th a t  the  s iz e s  
o f  experim en ta l wounds a r e  e q u iv a le n t in  a re a  when i t  i s  
d e s ire d  to  compare d i r e c t l y  t h e i r  r a te s  on h e a lin g . This 
p re c a u tio n  i s  o f prim e im portance when th e  number o f wounds 
a v a ila b le  f o r  oom paris6n i s  sm all -  (Young, F is h e r  and Young, 
1941)* "The r a t e  o f  c i c a t r i s a t i o n  i s  p ro p o r t io n a l  to  th e  
a rea  b u t d im in ish es  l e s s  r a p id ly  than  th e  a rea"  -  C a rre l and 
Hartmann (1916). Thus, in  every  experim ent th e  te c h n ic a l  
p rocedure  o f  wounding must be a c c u ra te  and p re c is e  to  ensure  
th a t  th e  s iz e s  o f  wounds a re  th e  same*
In f lu e n c e  o f  D ie t . One f a c to r  which h as  on ly  r e c e n t ly  
been d isco v e red  to  have a pronounced e f f e c t  on wound h e a lin g  
i s  m etabolism . C lark  (1919) was th e  f i r s t  to  study  th e  
e f f e c t  o f  d i e t  on th e  cou rse  o f  h e a lin g  in  dogs* The l a t e n t  
p e r io d , which fo llo w s  th e  in ju r y  ejnd du ring  which th e  wound 
rem ains p r a c t i c a l l y  th e  same s iz e ,  can be p ro longed  o r  
sh o rten e d  acco rd in g  to  th e  d ie t*  C lark  found in  h is  s tu d ie s  
th a t  th e  s o le  in f lu e n c e  was upon th e  l a t e n t  p e r io d , whereas 
th e  p e r io d s  o f c o n tra c t io n  and e p i t h e l i a l i s a t i o n  rem ained 
unchanged. Hence th e  type  o f  d i e t  used  in f lu e n c e d  th e  
t o t a l  p e r io d  o f  h e a lin g  p ro p o r t io n a te ly  a s  i t  a f f e c te d  th e  
l a t e n t  period* H i ^  p ro te in  d i e t  e lim in a te d  th e  l a t e n t
7.
p e r io d  com pletely w hereas h igh  f a t  d i e t  p ro lo n g ed  i t  to  s ix  
days. Hl(ÿï ca rb o h y d ra te  and mixed d i e t s  had an in te rm e d ia te  
e f f e c t .  A com plete, adequate  d i e t  muet c o n s is t  o f C arbohydrate, 
P a t , P ro te in , M ineral S a l ta ,  W ater and V itam ins. When one 
o f  th e se  f a c to r s  i s  m iss in g  m etabolism  o f th e  body i s  u p se t 
and wound h e a lin g  i s  l i a b l e  to  be a f f e c te d .  Howes, B riggs,
Shea and Harvey (1933) found th a t  th e r e  was a c o n s id e ra b le  
r e ta r d a t io n  in  the  r a t e  o f r e tu r n  o f  s tre n g th  in  stomach 
wounds in  young r a t s  on h a lf -a d e q u a te  d i e t s  i . e .  when one o f  
th e  above components o f  a com plete d i e t  was m iss in g .
The v itam ins a re  e s s e n t i a l  components o f  a  balanced  
d i e t  f o r  p e r fe c t  m etabolicm  in  th e  body. They a re  n a tu r a l ly  
o c c u rr in g  o rgan ic  su b stan ces  which p o ssess  un ique m o lecu la r 
s t r u c tu r e s  th a t  most organism s a re  unab le  to  sy n th e s ise  bu t 
which a re  v i t a l  p a r t s  o f  th e  chem iccl m achinery o f th e  o e l l s  
-  Wolbaoh and Besaey { I942). C onsiderab le  a t t e n t io n  has been 
g iven  to  th e  r o le  o f  v itam in s  in  re g e n e ra tiv e  p ro c e s se s . 
A vitam inoses B and C have bo th  been re p o r te d  to  i n h i b i t  
norm al h e a lin g , w ith  resum ption  o f h e a lin g  fo llo w in g  in g e s t io n , 
o r  lo c a l  a p p l ic a t io n ,  o f th e  s p e c i f ic  v itam in  in vo lved  in  th e  
d e f ic ie n c y  -  Lanman and I n g a l l s ,  1937*
Although f o r  many yearn  i t  was known th a t  Inadequate  
d i e t s  cause d is e a s e  th e  e x is te n c e  o f v ita m in s  was on ly  
re c o g n ise d  a t  th e  b eg in n in g  o f t h i s  c e n tu ry . The 
r e a l i s a t i o n  th a t  scu rvy , b e r i - b e r i  and r i c k e t s  a re  due to  
d ie ta r y  e r ro r s  took p la c e  lo n g  b e fo re  th e  word "v itam in" 
had been in tro d u c e d . One o f th e  e a r l i e s t  and most n o ta b le  
exam ples o f t h i s  was James L ind*s c l a s s i c  " T re a t is e  on
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Scurvy** In  1757» when he gave th e  f i r e t  c l e a r  account o f th e  
d le e a se  and e s ta b l is h e d  th e  e f f ic a c y  o f lemon ju ic e  f o r  i t s  
p re v e n tio n  and c u re . Lind a ls o  observed th a t  scurvy had an 
u n fav o u rab le  in f lu e n c e  on th e  h e a lin g  o f  wounds in  man. 
However, I t  was n o t  u n t i l  1912 t h a t  an o u ts ta n d in g  chem ist, 
F\ink, propounded th e  famous “v ita m in e ’* th e o ry . Funk, a long  
w ith  o th e r  co -w orkers, p re d ic te d  w ith  rem arkab le  accu racy  
which d is e a s e s  would prove to  be due to  "vitamine** d e f ic ie n c y , 
caused  by th e  absence from  th e  d ie t  o f  " s p e c ia l  su b stan ces  
which a re  o f th e  n a tu re  o f o rg a n ic  bases which we w i l l  c a l l  
v i ta m in e s ."  The term  "v itam ine" was m od ified  by dropping  
th e  f i n d  **e" a t  th e  su g g es tio n  o f  Drummond ( 1920) when i t  
was le a rn e d  t h a t  an amine group was n o t a  c h a r a c t e r i s t i c  of 
"v ite m in e s . " The i n i t i a l  work on th e  v itam in s  was 
concerned  w ith  fundam ental problèm e d e a lin g  w ith  tn e  bio­
lo g ic a l  s ig n if ic a n c e ,  chem ical s t r u c tu r e  and methods o f  
e s tim a tio n *  However th e  knowledge o f th e  symptoms and 
d l a ^ o s l s  o f  v itam in  d e f ic ie n c y  i s  la rg e ly  due to  th e  
in v e s t ig a t io n s  o f  w orkers on th e  e f f e c t s  o f  v i ta m in - f re e , 
s3 m th e tio  d i e t s  on an lm pls.
Wolbaoh and Bos se y (1942) p o in t ou t t h a t  a few 
c o n s id e ra t io n s  shou ld  be k ep t in  mind in  p lan n in g  v itam in  
d e f ic ie n c y  experim en ts  e i t h e r  fo r  th e  purpose o f  cha rac­
t e r i s a t i o n  o f  a d e f ic ie n c y  o r  f o r  th e  e lu c id a t io n  o f norm al 
p ro c e s s e s  o f  grow th and fu n c tio n . One i s  th a t  th e  d ie ta r y  
regim en should  be o p tim a l in  every  re sp e c t ex c ep tin g  th e  
c o n te n t  o f  th e  v i ta r i in  concerned , because o th e r  c o n d itio n s  
w hich r e t a r d  th e  g e n e ra l  m etab o lic  r a t e  may d ec rease  th a t  
v ita m in  re q u ire m e n t. A second i s  th a t  th e  consequences o f  
a com plete  d e f ic ie n c y  may be so severe  a s  to  p re v en t s u rv iv a l  
o f  th e  anim al f o r  a  s u f f i c ie n t  le n g th  o f tim e f o r  th e  develop­
ment o f  d i s t i n c t i v e ,  fu n c tio n a l  and s t r u c tu r a l  changes, a t  
l e a s t  i n  d em o n strab le  form . A th i r d  i s  th a t  th e  more ra p id  
th e  grow th r a t e  th e  g r e a te r  i s  th e  e f f e c t  o f  v itam in  la c k  
upon th e  p ro c e s se s  concerned in  th e  sy n th e s is  o f s t r u c tu r a l
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n a te r la la ,  e .g . fo rm ation  o f  c o lla g e n  In  a c c o rb ic  ao ld  
d e f ic ie n c y . A fo u r th  i s  t h a t  th e re  a re  im p o rtan t epeo iee  
v a r ia t io n s  and aso o rb io  ao ld  d e f ic ie n c y  i s  a good example 
o f t h i s  ag a in . Most v e r te b r a te s ,  such as  th e  r a t ,  p igeon , 
e t c . ,  a re  com pletely  independent o f o u ts id e  sou rces  o f  th e  
v itam in  w h ile , on th e  o th e r  hand, an adequate  in ta k e  i s  
e s s e n t ia l  to  th e  l i f e  o f  th e  gu inea p ig , monkey and man.
Ish id o  (1923) fed  gu inea p ig s  and r a t s  on a com plete ly  
v ita m in -fre e  d ie t  and re p o r te d  th a t  th ey  showed a p la in  
tendency toward delayed  h e a lin g  o f  in c is e d  wounds in  
comparison both  to  norm ally  n o u rish ed  an im als  and to  th o se  
underfed  on a normal d i e t .  In  th e  in d iv id u a ls  s u f fe r in g  
from t o t a l  v itam in  d e flo len o y  th e  adhesion  o f  th e  w a lls  o f  
th e  wound was f a u l ty  and th e re  was a tendency  toward a 
d e fe c t iv e  new fo rm ation  o f  co n n ec tiv e  t i s s u e .  M oreover, 
f l u i d  c o l le c te d  in  th e  f lo o r  o f  th e  wound w h ile  c a v ity  
fo rm a tio n , n ec ro ses  and s u s c e p t i b i l i t y  to  in f e c t io n  were 
a d d i t io n a l  c h a r a c t e r i s t i c s .  One woupd d id  h e a l  in  such an 
anim al bu t i t  re q u ire d  tw ice  a s  long  a s  th e  normal 
c i c a t r i s a t i o n  p e r io d . These r e s u l t s  a re  in  acco rd  w ith  
s im ila r  experim ents c a r r ie d  o u t by Lauber (1934) on th e  r a t  
and gu inea  p ig . Animals su b je c te d  to  a  v i ta m in - f re e  d i e t  
always showed delayed  h e a lin g  o f  in c is e d  wounds. Lauber 
su g g es ts  t h a t ,  as f o r  hormones, th e  fa v o u ra b le  e f f e c t  o f  
v itam in s  i s  accom plished th rough  a l t e r e d  c e l l u l a r  m etabolism .
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Moreover, bo th  v itam in e  and hormones a re  co n s id e red  to  
belong to  the  same b io lo g ic a l  c a te g o ry , t h e i r  r e s p e c t iv e  
r e p re s e n ta t iv e s  hav ing  both  s y n e rg is t ic  and a n ta g o n is t ic  
r e la t io n s  to  each o th e r . S a i t t a  (19^9» 19)0) re p o r te d  th a t  
c e r ta in  av itam in o ses  -  B and C n o tab ly  -  g r e a t ly  d im in ished  
th e  power o f  c i c a t r i s a t i o n  in  In c is e d  wounde in  r a t s  and 
guinea p ig s  b u t on o r a l  a d m in is tra t io n  o f  th e  v itam in , o r  
on d i r e c t  a p p l ic a t io n  o f  an e x t r a c t  o f th e  v itam in , c e l l u l a r  
r e p a i r  was a c t iv a te d  so th a t  h e a lin g  o ccu rred  in  a  s h o r te r  
p e rio d  than  norm al. ^ e s e  r e s u l t s  hs.ve been opposed by 
s e v e ra l  w orkers in c lu d in g  Lauber ( 1934) and L aroher ( 192? ) .
No d e f in i t e  oono lusion  between th e se  c o n f l ic t in g  f in d in g s  
could  be reached  a t  th a t  tim e, due to  th e  la c k  o f  
s ta n d a rd is a t io n  o f  th e  ex ac t amounts o f th e  v itam in  a d m in is te re d . 
The c la im s o f  S a i t t a  ten d  to  in c lu d e  th e  v ita m in s  in  th e  c la s s  
o f "grow th-prom oting" o r  "w ound-healing" su b stan ces  which have 
r e c e n t ly  had so much im portance a tta c h e d  to  them. Such a 
su b s tan ce , acco rd in g  to  Young, F ish e r  and Young ( I 94l)>  i e  
s p e c i f i c a l ly  designed  to  impose a new, qu ick  and a r t i f i c i a l  
rhythm  (exceed ing  th e  "normal" rhythm) on th e  p ro c e sse s  o f  
c e l l  d iv is io n  o f  th e  f i b r o b la s t s  and o th e r  r e p a ra t iv e  elem ents 
in  a h e a lin g  wound. However i t  i s  n o t s u f f i c i e n t  th a t  a 
w ouhd-healing  su b stan ce  a c c e le r a te  th e  r a t e  o f  h e a lin g . I t  
must prom ote sound and d u rab le  h e a lin g  o f  a wound. Soundness 
o f  h e a lin g  can on ly  be e s ta b l is h e d  by c a re fu l  in s p e c t io n  over
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a long p e rio d  a f t e r  e p l th e l ia l i& a t lo n  and o io a t r i a a t io n  have 
been com pleted. There l e  o f te n  a la g  In  th e  te rm in a l s ta g e s  
o f h e a lin g  and i f  th i s  o ccu rs  i n  a wound t r e a t e d  by a wound- 
h e a lin g  substance any i n i t i a l  a c c e le r a t io n  produced by th e  
substance may be n u l l i f i e d  in  th e  l a t e r  s ta g e s .  Even a 
more se r io u s  e f f e c t  can be conceived  whereby th e  r e p a ra t iv e  
elem ents of a h e a lth y , g ra n u la tin g  wound, p o sse s s in g  a  n a tu ra l  
and normal im pulse to  p r o l i f e r a t e ,  m ight a c q u ire  a r e s is ta n c e  
to  th e  grow th-prom oting su b s tan ce  and cease  to  p r o l i f e r a t e  
a l to g e th e r  -  a h e a lth y  wound may be t r a n s f e r r e d  in to  an 
in d o le n t one. In the  b io lo g ic a l  assay  o f  an a l le g e d  wound- 
h e a lin g  substance , ex p e rim en ta l wounds in  an im als serv e  an 
e s s e n t ia l  b u t no t a d e f in i t iv e  pu rpose . Young, F ish e r  and 
Young (1941) s t a t e  th a t  su oh wounds can deo ide  q u e s tio n s  o f  
th e  fo llo w in g  o rd e r; (a )  w hether th e  su b s tan ce s  a re  a b le  to  
a c c e le r a te  th e  p ro cess  o f  **normal" h e a lin g  o f  c lea n  and 
h e a lth y  wounds to  a s ig n i f i c a n t  e x te n t w ith o u t im p a irin g  th e  
soundness o f  h e a lin g , and, i f  so , (b) w hether th e  a c c e le ra t io n  
i s  u n ifo rm ly  su s ta in ed  th ro u g h o u t th e  p ro c e ss  o f h e a lin g  o r
(c )  w hether a  r e ta r d a t io n  o f  h e a lin g  o r  a t i s s u e  r e s i s t a n c e  
d eve lops a t  any s ta g e , fo llo w ed  perhaps by a  ohase o f g r e a te r  
a c c e le r a t io n ,  and (d) i f  a r e ta r d a t io n  develops a t  any s ta g e , 
w hether i t  can be m inim ised o r  e lim in a te d  by any re ad ju s tm en t 
o f  th e  I n te r v a ls  o f a p p l ic a t io n  o r  o f  th e  c o n c e n tra tio n  o f 
th e  a g e n t. I f  th e  r e s u l t s  o f  a w ound-healing su b s tan ce .
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whloh has been a t t e s t e d  on e x p e rim e n ta l wounds in  an im als , 
prove to  be fav o u rab le , then  th e  d e f i n i t i v e  t e s t  o f  th e  
human th e ra p e u tic  e ff ic a c y  o f  th e  su b stan ce  must be c a r r ie d  
ou t on wounds in  th e  human s u b je c t  b e fo re  com plete evidence 
o f  i t s  use in  th e  c l in i c  can be a t t a in e d .  However any 
substance which i s  suspected  o f  a c t iv a t in g  th e  p ro c ess  o f  
re p a ra tio n  in  low er anim als must be d e f i n i t e l y  g iven  due 
c o n s id e ra tio n , a s  th e  developm ent o f methods f o r  th e  s t im u la tio n  
o f growth o f c e l l s  would g r e a t ly  improve th e  th e ra p e u t ic s  o f  
human sk in  le s io n s .
IVith advancing knowledge o f the  chem ical n a tu re  and 
s t ru c tu r e  o f  th e  v itam in  m o lecu les i t  h as been shown th a t  
many o f  th e se  appear to  tak e  p a r t  in  th e  o x id a tio n -re d u o tio n  
p ro c esse s  which c o n s t i tu te  th e  m etabolism  o f  t i s s u e  c e l l s .
T heir r e la t io n  to  o x id a tio n  and re d u c tio n  a ls o  in d ic a te s  
th a t  they  may be d i r e c t ly  concerned in  th e  m aintenance ) f  
norm al behav iour o f  t i s s u e  c e l l s  and th a t  in  many eases  th e  
s p e c i f ic  symptoms r e s u l t in g  from a o ro lo n g ed  inadequacy o f  
th e se  f a c to r s  may be m erely  th e  r e s u l t  o f  d is tu rb a n c e  o f 
m etabolism  in  one o r  more t i s s u e s  -  Eddy and D a lld o rf  ( l 94l)«  
A scorb ic a c id  (V itam in C) and P an to th en ic  a c id  a re  bo th  known 
to  fu n c tio n  in  some fundam ental manner in  th e  m etabolism  o f 
a l l  l i v in g  m a tte r  -  W right ( l 94P)*
ASCOKBXC ACID AND SCURVY
One o f  th e  fu n c tio n s  o f  a s c o rb ic  a c id  th a t  has been
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f a i r l y  w ell e s ta b lle h e d  i s  i t s  r o l e  In  th e  fo rm a tio n  o f  
I n t e r c e l l u l a r  subetanoe in  th e  an im al organism . The d e fio ien o y  
does no t p reven t th e  m u l t ip l ic a t io n  o f  th e  c e l l s  o f each type 
o f  t i s s u e ,  bu t th e  c e l l s  assume a common m orphologic c h a ra c te r ,  
approx im ate ly  th a t  o f embryonic co n n ec tiv e  t i s s u e ,  and th e  
h is to lo g ic  appearance in d ic a te s  th a t  a l i q u id  m a te r ia l  i s  
produced in  l ie u  of normal m a tr ix  -  Wolbach (1936). In  th e  
o ld e r  m edical w r it in g s  th e re  were many r e fe re n c e s  to  th e  
b reak ing  open o f o ld  wounds and th e  r e  f r a c tu r in g  o f o ld  
f r a c tu r e s  in  sc o rb u tic  p e rso n s . B leed ing  gums, loosened  
te e th  and p e te c h ia l  haem orrtieges a re  o f te n  m entioned in  th e  
e a r ly  papers  on scurvy . A ithou f^  th e  d is e a s e ,  scurvy , has 
been a menace to  s e a fa re r s ,  e x p lo re rs  and arm ies  s in ce  
c l a s s i c a l  tim es, i t  was not u n t i l  th e  b eg in n lh g  o f  th e  
tw e n tie th  cen tu ry  th a t  th e  p a th o lo g y  o f  scurvy  was e x te n s iv e ly  
s tu d ie d . H o ls t and F‘r 6l i c h  (1507) were th e  f i r s t  to  produce 
experim en ta l scurvy in  guinea o ig s . They showed th a t  a 
c o n d itio n  o f  scurvy , s im ila r  to  th a t  o f th e  human b e in g , could  
be produced in  gu inea p ig s  i f  th ey  were fe d  s o le ly  on a d i e t  
o f o a ts  and b ran . This was fo llow ed  by th e  work o f  H art and 
L essing  (1913) who produced ex p e rim en ta l scu rv y  in  monkeys.
In 1919 A schoff and Koch p u b lish ed  an accoun t o f  th e  m icroscop ic  
patho logy  o f  scurvy and in  1924 Hojer* s com prehensive work on 
th e  h is to lo g y  o f experim en ta l scurvy appeared . These two
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papers oonflriBed th e  f a c t  t h a t ,  from a p a th o g en ic  p o in t  o f  
view, guinea p ig  and human eourvy have many p o in ts  In  common. 
Punk (1912), In  h ie  f i r s t  rev iew  o f o o s e lb le  av itam in o ses , 
suggested  t h a t  scu rvy  m ight he a v itam in  d e f ic ie n c y  and from 
th is  su g g estio n  modem re se a rc h  on t h i s  v itam in  was I n i t i a t e d .  
However I t  was a lm ost tw enty y ea rs  l a t e r  b e fo re  i t s  s t r u c tu r a l  
form ula, n a tu re  and p ro p e r t ie s  were d isc o v e re d . Ihe 
o h a r a o te r l s t lc  o f  th e  v itam in  th a t  proved th e  b e s t  c lu e  to  I t s  
n a tu re  was I t s  I n s t a b i l i t y .  In  th e  e a r ly  a tte m p ts  to  I s o la t e  
th e  v itam in  from  lemon ju ic e  i t  beoame in c re a s in g ly  e v id en t 
th a t  o x id a tio n  r a p id ly  d ee tro y ed  th e  po tency  o f  th e  v itam in  -  
Z llv a , 1928. The f i r s t  d e f in i t e  I d e n t i f i c a t i o n  o f  v itam in  
C was re p o r te d  by W su^ and King (1 9 3 2 ), fo llow ed  in  a s h o r t  
tim e by co n firm a to ry  ev idence from S v lrb e ly  and S ten t-O yorgy l 
( 193?). A f te r  f in d in g  th a t  I t  was a la c to n e  o f an a c id  
d e riv e d  from a hexose su g ar, H e rb e rt, P e rc lv a l ,  H ir s t  and 
CQ..workers <1933) e s ta b l is h e d  I t s  s t r u c t u r a l  fo rm ula . In  
th e  same y e a r , S sen t-Q yorgy l and Haworth gave th e  name 
a s c o rb ic  a c id  to  th e  v itam in  to  denote I t s  a n t is d o rb u t ic  
a c tio n  -  th e  o r ig in a l  term  hexu ron lc  a c id  b e in g  superseded .
I t  i s  now known th a t  v itam in  C i s  sy n th e s ise d  by a l l  th e  
h ig h e r  p la n ts  and by many an im als excep t th e  p r im a te s , 
in c lu d in g  man, th e  gu inea p ig  and some o f th e  u n g u la te s . The 
g u in ea  p ig  has thum become th e  most im p o rtan t anim al in  the  
s tu d ie s  o f ex p e rim en ta l scurvy a s  i t  i s  v e ry  s u s c e p tib le  to  
th e  d is e a s e .
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The u su a l p ic tu r e s  o f  a eo o rh u tio  g u in ea  p ig  a re  a 
crouched p o s i t io n ,  in  vhioh th e  anim al may be seen r a i s in g  
I t s  te n d e r and in flam ed  lim bs o f f  th e  ground to  keep p re s su re  
o f f  them, and a ’’face-ache'* p o s i t io n  in  w hich th e  anim al l i e s  
on i t s  s id e  to  ease  i t s  in flam ed  jaw -  H a rr is  ( 1935) .  Iw 
gu inea p ig  experim en ts , re p o r te d  in  1931 by D a lld o rf , i t  was 
s ta te d  th a t  animeI s  p laced  on a v itam in  0 f r e e  d i e t  developed 
c a p i l l a r y  f r a g i l i t y  Which d id  n o t develop  r e g u la r ly  b u t was 
s u b je c t  to  a t r a n s i e n t  r e v e r s a l  du ring  th e  e a r ly  s ta g e s  o f  
d e p le t io n . In  o th e r  words p ro c e sse s  o f ad ju s tm en t o r 
com pensation were p robab ly  p re se n t;  t h i s  view has s in c e  been 
confirm ed -  Diroud (1935 *^ W acholder ( 1939) .  One o f th e  
f i r s t  m a n ife a ta tio n s  o f th e  d e f ic ie n c y  in  gu inea p ig s  i s  . 
ra p id  w asting  which develops w ith in  th e  second week and most 
an im als d ie  a t  th e  end o f  th e  th i r d  week on com plete ly  a s c o rb ic  
a c id  d e f ic ie n t  d i e t s .  On o a r t i a l l y  d e f ic ie n t  d i e t s  th e  an im als 
l iv e  f o r  months and develop  th e  le s io n s  lo n g  a s s o c ia te d  w ith  
scurvy  in  man. The p ap e rs  p u b lish e d  by A schoff and Koch 
(1919) and by HÔJer (1924) on th e  h is to lo g y  o f  ex p e rim en ta l 
scurvy c h a ra c te r is e d  i t  a s  a c o n d itio n  in  which d e fe c t iv e  
i n t e r c e l l u l a r  m a te r ia ls  were formed. These r e s u l t s  showed 
th a t ,  from a pnthogonio  p o in t o f view , gu inea p ig  and human 
scurvy  have many p o in ts  in  common. Wolbach ( 1937) summarised 
t h i s  f a c t  in  h is  s ta tem en t t h a t  " th e  g ro ss  and m icro scop ic  
p a th o lo g ic  changes of human scurvy a s  seen in  th e  in f a n t ,  and
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experim en ta l een rry  a s  aeon in  th e  guinea p ig , a re  so n e a rly  
id e n t ic a l  th a t  no re a so n a b le  doubt can be e n te r ta in e d  w ith  
reg a rd  to  app ly ing  to  th e  human be ing  th e  f a c ta  a e c e r ta in e d  
from the  ex p erim en ta l s tu d ie s .  " As one example of t h i s  f a c t ,  
G oth lin  (1934) found th a t  th e  s ta g e  of scurvy in  gu inea p ig s  
which i s  re c o g n isa b le  on ly  by means o f m iorosoopio  a l t e r a t i o n s  
in  th e  te e th  i s  e q u iv a le n t to  th a t  p re sc o rb u tio  s tag e  in  man 
which i s  in d ic a te d  by f r a g i l i t y  o f th e  c a p i l l a r i e s .  However, 
ac  S te fan sso n  (I939 ) has p o in te d  o u t, too much r e l ia n c e  ought 
no t to  be p laced  on gulnee p ig  experim en ts. , These may no t 
be d i r e c t l y  a p p lic a b le  to  man. R equirem ents o f  th e  v itam in  
fo r  man, estim ated  from gu inea p ig  experim en ts , may be two 
to  te n  tim es too g re a t  ^ p robab ly  nan oan ad ap t to  a low 
v itam in  in ta k e .  In  c o r t r p c t  i t  must be remembered th a t  th e  
morbid e f f e c t s  o f vJtem in  C d e f ic ie n c y  a re  b e s t  s tu d ie d  in  
experim en ta l an im als # ie r c  com plete d ie ta ry  c o n tro l  p e rm its  
th e  exam ination of le s io n s  a t  a l l  s ta g e s  o f  th e  d is e a s e .
Only from th e s e  o b se rv a tio n s  can the  e x p la n a tio n  o f th e  
p a th o g en e s is  o f scurvy  be a p p lie d  to  human ca se s  of th e  d is e a s e .
The o u ts ta n d in g  f e a tu r e  in  th e  p ro d u c tio n  of th e  patho logy  
o f a sc o rb ic  ac id  d e f ic ie n c y  le  f a i l u r e  in  th e  fo rm atio n  o f 
I n t e r c e l l u l a r  m a te r ia ls .  Wolbach and h i s  a s s o c ia te s  in  a 
s e r i e s  o f paoers  from 19?6 to  194^ showed th a t  re tic u lu m  and 
c o lla g e n  a re  n o t formed In  th e  s c o rb u tic  an im al. Norm ally 
in  th e  i n t e r c e l l u l a r  substance  f ib r o b la s t s  l i e  in  an amorphous
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îiçround substance w ith in  whloh f i b r i l s  o f a re tic u lu m  a re  found 
as wavy bands o f c o lla g e n  -  B lo k n e ll and P re s c o t t  (194^)*
The f i b r i l s  a re  cemented to g e th e r  by a t r a n s lu c e n t  m atrix*
In th e  sc o rb u tic  anim al th e  ground sub stan ce  and f ib r o b la s t s  
a re  p re se n t b u t no c o lla g e n  i s  formed. A f te r  a d m in is tra t io n  
of a n t is o o rb u tio s  i n t e r c e l l u l a r  f i b r i l s  a re  formed in  con­
s id e ra b le  amounts w ith in  tw en ty -fo u r hours* Form ation of 
suoh f i b r i l s  o ccu rs  in  re g io n s  where mesenchymal o e l l s  have 
accumulated in  c o n tin u a tio n  o f normal growth a c t i v i t i e s ,  in  
r e p a i r  o f  spontaneous le s io n s  in  consequence of sco rb u tu s  and 
in  th e  o rg a n is a tio n  o f  blood c lo t s  a f t e r  e x c is io n  o f tis su e *  
Furtherm ore, c o lla g e n  fo rm ation  occurs where r e p a ra t iv e  
c e l l u l a r  ra sp c n se s  a re  most a c t iv e  -  Wolbach ( 1933^*
The ro le  o f v itam in  0 in  th e  fo rm ation  o f I n t e r c e l l u l a r  
m a te r ia ls  in  th e  human s u b je c t has been e s tab lish ed , w ith o u t 
doubt by th e  work o f Hunt ( 194^) o f Orandon ( 1940) *
Grand on found th n t  a lth o u g h  h e a lin g  appeared  to  p ro g re ss  in  
an In c is e d  sk in  wound, in  a  ao o rb u tlo  p e rso n , th e re  was no 
h e a lin g  o f th e  wound ben ea th  the  sk in  which was f i l l e d  w ith  
an u n o rgan ised  b lood  c lo t .  K e ra to s is  o f  h a i r  f o l l i c l e s  and 
o th e r  le s io n s  o f th e  ep iderm is were a leo  observed  by Crandon 
In  th e  Mman s u b je c t  on an a sc o rb ic  a c id - f r e e  d i e t ,  
supplem ented w ith  a l l  "o th e r  known v ita m in s ,"  ^ h lc h  seems to  
prove th n t  th e  ep iderm is i s  a f f e c te d ,  p a r t i c u l a r ly  when such 
le s io n s  d isap p ea red  a f t e r  a sc o rb ic  a c id  th e ra p y . C a p il la ry
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b leed in g  le  a le o  common in  scurvy and I s  p r o b a b l y  th e  r e s u l t  
o f s t r u c tu r a l  w eakness, c i th e r  th e  r e s u l t  o f ehanf>;os in  the  
cement substance b in d in g  th e  e n d o th e l ia l  c e l l s  to g e th e r , o r  
in  co llagen  f i b r i l s  Im m ediately a d ja c e n t to  th e  c a p i l l a r i e s  -  
D alld o rf (1939). O ther le s io n s  c h a r a c t e r i s t i c  o f scurvy 
occur in  the  te e th  and long  bones. In  th e s e  s t r u c tu r e s  th e  
parenchymal o e l l s ,  w hether o d o n to b la s ts  o r  o s te o b la s ts  form 
f lu id  in s te a d  o f  th e  normal s u b e ta r .t la l  d e n tin e  o r bone, o r , 
in  casee o f p a r t l s l  d e p r iv a tio n  they  form d e fe c tiv e  m a te r ia ls  
which, w hile a o l id ,  a r e  d i s t i n c t l y  i n f e r io r .  The r e s u l t  o f  
t i l l s  fundam ental change I s  t h a t  te e th  and bones cease  to  
grow, and become g ra d u a lly  more p o ro tlc  and f r a g i l e .
S ince v itam in  C i s  e s s e n t ia l  f o r  th e  fo rm ation  o f i n t e r ­
c e l lu l a r  m a te r ia l  I t  i s  n e c e ssa ry  f o r  wound r e p a i r .  Lanman 
and In g a l ls  ( 193? ) » T a ffe l and Harvey ( 1938) have shown th a t  
th e  t e n s i l e  s t r e n g th  o f  h e a lin g  in c is e d  rounds In  gu inea p ig s , 
s u f fe r in g  from a p a r t i a l  d e f ic ie n c y  o f v itam in  C, i s  c o n s id e r­
ab ly  l e s s  than  in  normal an im als . Wounds from o p e ra tiv e  
in c lf ilo n e  ru p tu red  a t  a p re s s u re  of on ly  a th i r d  o f  t h a t  
rec^ulred to  ru p tu re  rounds o f  normal an im als . The s c a r  
t i e  eue was a ls o  d i s t i n c t l y  abnorm al; th e re  was a marked 
decreecc In tlio i n t e r c e l l u l a r  m a te r ia l  and a d iso rg a n ise d  
arrangem ent o f  th e  f ib r o b la s t s .  Hunt ( 1941) s le o  observed  
th a t  such so a rs  were ’^ puckered, s t r e tc h e d , sunken, lo o s e ,
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I r r e g u la r  and elm oet av aeo u ln r. ** I t  has a ls o  been observed  
th a t ,  on a h l ^  In tak e  o f v itam in  C, th e  t i s s u e s  o f th e  
h e a lin g  a rea  around a wound co n ta in  more v itam in  C than  those  
from normal c o n tro ls ;  i f  th e  organism  i s  on a s c o rb u tic  d ie t  
th e re  i s  no In c re a se  in  v itam in  0 in  the  h e a lin g  a re a  -  
B a r t l e t t ,  Jones and Hyan (1942). Bourne ( I 9 M ) , i»  accordance 
w ith  t h i s  f a c t ,  found th a t  w ith  anim als on a low v itam in  C 
d i e t ,  th e  o rgans lo s e  most o f th e  v itam in  when th e  anim al i s  
wounded and th e  v itam in  can be dem onstrated  in  th e  t i s s u e s  
surrounding  th e  wound. Presum ably th e re  ie  an in c re a s e d  
demand and m o b ills e t)o n  o f v itam in  C f o r  th e  h e a lin g  p ro c e ss . 
Tî\c more e x te n s iv e  th e  in ju ry  th e  more v itam in  C re q u ire d  -  
o th e r  organs would become d e f ic ie n t  and t h i s  su g g es ts  t h a t  a 
ro u t in e  a d m in is tra t io n  i s  d e s ire d . I t  i s  n o t known w hether 
a s t a te  o f s a tu r a t io n  i s  n e c e ssa ry  f o r  th e  most ra p id  and 
e f f e c t iv e  d e p o s it io n  o f c o lla g e n  o r w hether a v itam in  co n ten t 
f a r  sh o r t  o f s a tu r a t io n  i s  enouf^ . 7k>urne ( 1944) s t a te d  th a t  
as f a r  as gu inea p ig s  a re  concerned, s a tu r a t io n  w ith  v itam in  
C i s  n o t an e s s e n t i a l  p r e r e q u is i te  o f  optimum h e a lin g . A 
su b seo rb u tic  s t a t e  h as  be« i re p o r te d  in  gu inea p ig s  by 
Mouriquand (193^), who showed th a t  th e  an im als can become weak, 
em aciated  and f i n a l l y  d ie  a f t e r  l iv in g  on d i e t s  low in  v itam in  
C w ith o u t showing fran k  s ig n s  o f  scurvy. A s t a t e  o f  v itam in  
C d e f ic ie n c y  w ith o u t th e  c l i n i c a l  m a n ife s ta t io n s  o f scurvy  has
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a lso  been re p o r te d  In  the  human su b je c t .  T his deg ree  o f  
d e f ic ie n c y , o r  asym ptom atic scurvy , may w e ll have an im portan t 
b ea rin g  on wound h e a lin g . I t  could  be th e  fundam ental reaso n  
fo r  many In d o le n t wounds n o t e x h ib i t in g  th e  p ro c esse s  o f  normal 
h e a lin g .
In  s p i te  of th e  la rg e  amount o f  work done on the  in f lu e n c e  
o f a sc o rb ic  a c id  d e f ic ie n c y  on wound h e a lin g , no c le a r  
d i f f e r e n t i a t io n  has been made between wounds in v o lv in g  a l l  
t i s s u e s  and wounds c h ie f ly  of th e  e p ith e liu m . The experim ents 
80 f a r  c a r r ie d  o u t do n o t d i f f e r e n t i a t e  between th e  a c t io n  o f  
v itam in  G on r e p a i r  o f co n n ec tiv e  a s  c o n tra s te d  w ith  e p i t h e l i a l  
t i s s u e s .  Thus, in  view of th e  im p o rtan t p a r t  a s c o rb ic  a c id  
i s  now known to  p la y  in  th e  re g e n e ra tio n  o f  co n n ec tiv e  t i s s u e ,  
i t  seemed most d e s i r a b le  to  d is c o v e r  w hether v itam in  C a f f e c te d  
in  a s im ila r  manner th e  re g e n e ra tio n  o f e p i t h e l i a l  l a y e r s .
For t h i s  reason  th e  s t r a t i f i e d  ep ith e liu m  co v e rin g  th e  co rnea, 
th e  m uco-perlosteum  o f th e  gum, and th e  sk in  on th e  ea r and 
th ig h  o f guinea p ig s  and r a t s  were chosen a s  s i t e s  f o r  th e  
experim en ta l wounds.
PANTOTHENIC ACID
T his v itam in  I s  one o f  th e  most re c e n t  to  be d isco v e red  
and much o f I t s  chem istry  and physio logy  s t i l l  rem ains unknown. 
P an to th en ic  a c id  was f i r s t  re co g n ised  a s  an e s s e n t ia l  n u trim en t 
fo r  c e r ta in  s t r a in s  of y e a s t by W illiam s, Holady and co-w orkers
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in  1933. W illiam s ( I9 3 9 ) i s o l a t e d  t h i s  Im p o rtan t f a c to r  and 
found i t  to  be a member o f  th e  v itam in  B complex group and 
w ith  Major in  1940 determ ined  i t s  s t r u c tu r e .  The r o le  p layed  
by P an to th en ic  a c id  i s  w ith o u t doubt a fundam ental one s in ce  
i t  apoeara to  be o re s e n t  in  every  l iv in g  o e l l .  In  a complex 
organism  i t  i e  e s s e n t i a l  to  a l l  ty p es  o f  c e l l s ,  and to  th e  
fu n c tio n in g  o f a l l  k in d s  of t i s s u e s .  I t  i s  n o t s u rp r is in g  
in  view o f t h i s  f a c t  th a t  d iv e rs e  p a th o lo g ic a l  changes may 
r e s u l t  from i t s  d e f ic ie n c y  -  W illiam s (1943) » Human m uscle 
h as been found to  be r i c h e r  in  p an to th en ic  a c id  than  r a t  
m uscle (a lth o u g h  n o t in  o th e r  B v ita m in s ) , hence hav ing  a 
b e t t e r  r e s is ta n c e  to  d e f ic ie n c y . I t  seems p robab ly  th a t  th e  
d i s t r ib u t io n  o f p a n to th e n ic  a c id  in  th e  t i s s u e s  o f v a r io u s  
sp e c ie s  has an im p o rtan t b e a rin g  uoon the  c u e s tio n  o f  how 
d i f f e r e n t  an im als r e a c t  to  t h i s  d e f ic ie n c y . I t  was found 
th a t  p an to th e n ic  a c id  i s  id e n t i c a l  w ith  one o f the  f i l t r a t e  
f a c to r s  n ec essa ry  f o r  th e  growth o f  r a t s  -  Macrae and co-w orkers
(1939) •  and a y ea r l a t e r  i t  was id e n t i f i e d  w ith  th e  a n t i -g re y  
h a i r  f a c to r  -  Oyorgyi and P o lin g  ( I9 4 0 ): Unna and Sampson
(1940) (1941). P a n to th e n ic  a c id  has a ls o  been I d e n t i f i e d  
a s  th e  ch ick  a n t id e r m a t i t i s  f a c to r  and le s io n s  in  the  marrow 
and p e r ip h e ra l  n e rv es  o f  hens have been observed  to  re g re s s  
a s  soon as t h i s  v itam in  was a d m in is te re d . However i t  i s  in  
r a t s  t h a t  th e  most severe  symptoms o f  th e  d e f ic ie n c y  have been 
o bserved .
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R ats m ain ta ined  on a d i e t  devoid o f  p a n to th e n ic  a c id  
cease  to  RTow in  th re e  to  fo u r  weeks and develop  a d e f ic ie n c y  
syndrome c h a ra e te r is e d  by s c a n t, co a rse  f u r ,  in flam m ation  o f  
th e  nose and b lood-caked  w h iskers -  Unna (194^) • The so - 
c a l le d  b lood i s  in  r e a l i t y  a p o rp h y rin  d e p o s it  -  M celroy ( l 94l )*  
Loos o f  w eight, p a r a ly s is  o f tlie  h ind  le g s ,  a h y p e rk e ra to t ic ,  
a tro p h ic  and desquam ative d erm a to sis  and m yelin  d eg e n e ra tio n  
o f the s c i a t i c  n e rv es  and sp in a l  cord  have a ls o  been d e sc rib e d  
in  mice fed  on a d e f ic ie n t  d i e t  -  S ieve ( 1941)* D aft and 
S e b rc ll  (1939) found t l ia t  th e re  a ls o  o ccu rred  in  d e f ic ie n t  
r a ta  lieem orrhage, a trophy  and n e c ro s is  o f th e  a d re n a ls  and 
t e s t i c u l a r  d eg e n e ra tio n . The most conspicuous e x te rn a l  
ev idences o f d e f ic ie n c y  no ted  a re  an a f f e c t io n  o f th e  e y e lid , 
which d is tu r b s  th e  eyes in  some cases  to  suoh an e x te n t  th a t  
they  cannot be opened, ^ sp e c ta c le d  e y e s ,” c o a rs e , l i f e l e s s ,  
grey h a i r  and, in  soma c a se s , a lo p e c ia  deve lops bellind th e  
fo re  lim bs on th e  c h e s t and a c ro s s  th e  hack -  G a r te r  (1945) J 
Wobley ( 1941) ;  Henderson (1942). Changes in  th e  o r a l  
ep ith e liu m  have a ls o  been observed . W a ln w ri^ t and Nelson 
(1945) found th a t  th e re  i s  an e a r ly  h y p e rk a ra to s is  o f  enamel 
o f th e  te e th  and o f th e  i&outh ep ith e liu m . There i s  a p ro -  
/p?essive n e c ro s is  o f th e  o r a l  ep ith e liu m  and subsequent 
d e s t ru c t io n  o f the u n d e rly in g  connective  t i s s u e s  -  o s te o p o ro s is  
and p ro g re s s iv e  m arg inal a trophy  of the  a lv e o la r  bona were 
a ls o  found in  s e v e ra l  c a se s . An in t e r e s t i n g  p o in t ,  which i s
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d i f f i c u l t  to  e x p la in , i s  th e  unusual absence o f  inflam m atory 
re sp o n se , n o tw ith s ta n d in g  th e  p resen ce  o f marked d e s tru c t io n  
o f t i s s u e  -  S u lliv a n  and N icho ls ( 1942) .
The p an to th en ic  a c id  reouireiQ ent f o r  th e  m aintenance o f  
o p tim a l growth in  r a t s  has been th e  s u b je c t  o f much co n tro v e rsy . 
Unna and R ichards ( 1942) r e p o r t  th a t  th e  dose re q u ire d  to  
p rev en t th e  developm ent o f c h a r a c t e r i s t i c  l e s io n s  i s  as h ig h  
as 100 ffiicrograms p e r  day a t  th re e  w e ^ s  o f  age. Henderson 
and co-w orkers (I942 ) found t h a t  4^ m icro grams d a i ly  p reven ted  
o r cured n u t r i t i o n a l  g rey  h a i r  in  r a t s  w h ile  Hchwarz (1944)» 
in  h is  experim ents on th e  e f f e c t  o f p a n to th e n ic  a c id  on the 
growth o f  r a t s ,  found th a t  20 m icrograms p rev en ted  lo s s  o f 
pigm ent and only  5 m icro grams d a l ly  p rev en ted  com plete 
c e s s a t io n  o f grow th. As t h i s  su b je c t i s  s t i l l  in  th e  
p re lim in a ry  s ta g e s  of  in v e s t ig a t io n  a d e f in i t e  r e s u l t  w i l l  no 
doubt be reached  in  due tim e . I t  has been proved , however, 
by Unna and C re a lin  (1940 ), B ples, H ightower and Hubbard(I940) 
th a t  p a n to th e n ic  a c id  i e ,  l i k e  o th e r  members o f th e  v itam in  
3 complex group, a  substan ce  o f ex trem ely  low to x ic i ty .
Doses a s  h igh  as  10 grams o f calcium  p a n to th e n a te  o e r kg. 
a d m in is te red  to  r a t s  by mouth had no to x ic  e f f e c t s .  The 
e f f e c t  o f  la rg e  doses was s tu d ie d  in  young r a t s  fed  90 mg. and 
200 mg. o f calcium  p a n to th e n a te  p e r r a t  p e r  day over a p e rio d  
of 120 days. The an im als developed no rm ally , t h e i r  growth 
r a te  d id  n o t d i f f e r  s i g n i f i c a n t ly  from th a t  o f th e  c o n tro l
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group. Til© p a n to th e n ic  a c id  co n te n t o f  th e  b lood  was 
increafled soon a f t e r  a d m in is tra t io n  o f th e  v itam in  b u t re tu rn e d  
to  i t s  p rev ious le v e l  w ith in  tw en ty -fo u r hou rs -  ex cess iv e  
amount recovered  in  the  u r in e .  I t  can th u s  be s ta te d  th a t  
es  long as th e  minimum cruan tity  o f o an to th e n ic  a c id  i s  
ad m in is te red  to  th e  anim al d a i ly ,  th e re  i e  no f e a r  o f ex c ess iv e  
c u a n t i t i e s  o f th e  substance  doing any harro.
The use  o f  p a n to th e n ic  a c id  in  th e ra p e u t ic s  i s  r e l a t i v e l y  
re c e n t end l i t t l e  known In c o n t r a s t  to  th e  numerous o b se rv a tio n s  
on a v ita m in o tic  syrnotcms. One c f  th e  few a p p l ic a t io n s  comes 
from S c ic lo u n o ff and Naz (1945)> who, in  s e v e ra l  c l i n i c a l  
o b se rv a tio n s , u sed  p a n to th e n ic  a c id  in  th e  form o f  ”3epan thene- 
Hoche" in  an o in tm en t, j e l l y  o r  aoueous s o lu t io n  on u lc e r s  o f 
th e  ckin* These d i f f e r e n t  p re n e ra t lo n s  were w e ll t o l e r a t e d  
by th e  t i s s u e s  »nd th e  n a n to th e n lc  a c id  showed I t s e l f  to  be 
a c t iv e  a g a in s t  In fe c te d  so re s  o f th e  sk in  and mucosa. The 
r e s u l t  o f th e se  re s e a rc h e s , m®de on th e  a c t io n  o f  "Bepanthené** 
in  lo c a l  a p p l ic a t io n ,  p e rm itte d  th e se  w orkers to  conclude 
th a t  t h i s  v itam in  p roduc t pcnmessem th e  p ro p e r ty  o f s t im u la tin g  
th e  r e p r i r  o f in ju r e d  and g ra v e ly  in fe c te d  t i s s u e .  A l th o u ^  
no c l i n i c a l  sign  p o in t in g  to  a d e f ic ie n c y  o f  p a n to th e n ic  a c id  
has been observed  in  men, Hpies (I9AO) b e l ie v e s  such & th in g  
can e x i s t .  9p ie s  found th a t  p a t i e n t s  w ith  an abnorm ally  low 
c o n c e n tra tio n  o f  p a n to th e n ic  a c id  in  th e  b lood  a le c  had l e s s  
th an  norm al in  th e  u r in e .  These o b se rv a tio n s  suggest th a t
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p an to th en ic  a c id  l e  im portan t In  human n u t r i t i o n .  I t  may 
be the b a se  th a t  th e  p a t ie n ts  t r e a te d  w ith  “Bepanthene** had 
a low c o n c e n tra tio n  o f th e  v itam in  In  th e  b lood  and th u s  
resDonded to  th e  tre a tm e n t very  fav o u rab ly . T his may be 
t ru e ,  bu t i f  such a su p p o s itio n  ie  to  be accep ted  c l i n i c a l l y ,  
i t  muet f i r s t  have experim en ta l p ro o f from d e ta i le d  I n v e s t i -  
pçations. With t h i s  view in  mind th e  work on p a n to th e n ic  a c id  
in  t h i s  th e s i s  was c a r r ie d  o u t in  an a ttem p t to  f in d  th e  answer 
to  th i s  " q u e s t io n n a ir e ."
t .  ' ‘  • V ••
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1. THE INFLUENCE OF ASCORBIC ACID OW THE HEALING OF 
3KIN WUNDS IN RATS
In tro d u c tio n
Although **rat aourvy" was f i r s t  re p o r te d  In  1921 by 
S h ip ley , MoCollum and Simmonds, th e  d ia g n o s is  was n o t proven. 
S everal o th e r  w orkers, in c lu d in g  Vedder aund Rosenberg ( I9 3 8 ) , 
re p o r te d  th a t  they  cou ld  produce s c u rv y - l ik e  symptoms in  
r a t s  and th a t  0 .^  mgm. o f a sc o rb ic  a c id  p ro te c te d  th e  anim als 
"alm ost f u l l y . "  However, P ersons and H utton (I924) and 
Lepkovsky and Nelson (1924) found th a t  th e  l i v e r s  o f r a t s  
re a re d  on a  d ie t  d e f ic ie n t  in  th e  a n t i s c o r b u t ic  f a c to r  
co n ta in ed  s ig n i f i c a n t  amounts o f t h i s  f a c to r .  A few y ea rs  
l a t e r  Ouha (19% ) found th a t  c e r ta in  t i s s u e s  o f th e  r a t ,  
in c lu d in g  th e  sp leen , k idney  and l i v e r ,  a re  a b le  to  form 
s ig n i f ic a n t  amounts o f a sc o rb ic  a c id . They do so by con­
v e r tin g  nannose in to  a sc o rb ic  a c id , b u t th e  a b i l i t y  w ith  
which th e  i s o la te d  t i s s u e s  can c a rry  o u t th e  conversion  
d i f f e r s  c o n s id e ra b ly  acco rd in g  to  th e  s p e c ie s .
However, a lth o u g h  i t  has been p o s tu la te d  many tim es th a t  
r a te  can sy n th e s is e  t h i s  v itam in  and a re  th u s  independen t o f  
an e x te rn a l  sou rce , i t  must be remembered th a t  Horden and 
Z llv a  (1918) found r a t s  grew b e t t e r  i f  a s c o rb ic  a c id  was 
su p p lie d , and t h i s  may s t i l l  be fundam enta lly  t r u e .  Excess 
a sc o rb ic  a c id  does n o t have any e f f e c t  in  a c c e le r a t in g  th e  
re g e n e ra tio n  o f  bone in  r a t s ,  acco rd in g  to  Bourne (I9 4 2 ) , bu t
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th e re  a re  no r é s u l t a  to  ehow w hether re g e n e ra tio n  o f 
ep ithe lium  in  r a ta  d i f f e r s  in  any way from t i s s u e s  o f 
mesenohyme o r ig in  when th e re  i s  an exoeas o f  th e  v itam in  
p re se n t.
ORAL AmiNISTRATION OF A3 0 0 RBIC ACID
( a )  M ethods
Rats o f th e  same age, a lm ost m ature, and o f f  th e  same 
s t r a in  were s e le c te d  f o r  the  experim en ts . The r a t s  were 
d iv ided  in to  two groups, (a ) C o n tro ls , each o f  which re c e iv e d  
25 mgm. asco rh lo  a c id  in  10 c .o .  m ilk every  day, and (b) 
P r in c ip a ls  Which re c e iv e d  no a sc o rb ic  a c id . The r a t s  were 
a l l  k ep t on a s tock  d ie t  o f r a t  cubes (Thomson, 193^)» a sc o rb ic  
a c id - f r e e .  There was an i n i t i a l  lo s s  in  w eigh t in  both  
groups, bu t t h i s  was p robab ly  due to  an ad ju s tm en t to  d i e t  
s in ce  bo th  groups q u ic k ly  re g a in e d  t h e i r  i n i t i a l  w e i ^ t .
The an im als were k e p t on tM s  d i e t  f o r  ap p rox im ate ly  f o r ty -  
e ip ^ t  days b e fo re  b e in g  wounded In  each t h i ^  (v . i n f r a . )
At in te r v a l s ,  d u rin g  t h i s  p e r io d , t i t r a t i o n s  o f  th e  
amount o f  a sc o rb ic  a c id  in  th e  u r in e  o f bo th  groups o f r a t s  
were c a r r ie d  ou t by th e  2:6 d ich lo ro p h en o lin d o p h en o l method, ' 
as d e sc rib e d  by H a rr is  and Abbesy ( 1937)* I t  was found th a t  
th e  u r in e ,  on s ta n d in g , o u ick ly  d estro y ed  any a sc o rb ic  a c id  
p re s e n t .  However, i f  f r e s h  u r in e  were u sed , s ig n i f i c a n t  
p o s i t iv e  r e s u l t s  were o b ta in e d . Average r e s u l t s  w ith  u r in e  
t i t r a t e d  w ith in  one hour o f p a ss in g  w e re :-
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Rata w ith aaoorb lo  a d d  su pp lem en t.. 24»2 m ^ ./lO O  o .c .  u r in e . 
R ats w ith  no a sc o rb ic  a c id  supplem ent 5*3 m^m./lOO o .c ,  u r in e .  
Thus i t  may be s a id  then  th a t  th e  c o n tro ls  had a  luxus oonsumpt 
o f a sc o rb ic  a c id , and t h i s  le d  to  th e  q u e s tio n  as  to  w hether 
f lo o d in g  o f th e  r a t  t i s s u e s  w ith  a sc o rb ic  a c id  would in f lu e n c e  
th e  r e p a i r  o f  ep ith e liu m ,
A number o f p i l o t  experim en ts, fo u r  p a i r s  o f r a t s  b e ing  
used , were c a r r ie d  o u t a t  f i r s t  and th e  r e s u l t s  o b ta in e d  were 
oonfirm ed in  a m ajor experim ent. S p e c ia l c a re  was taken  to  
ensure th a t  a l l  r a t s  were o f  th e  same age and th a t  th e  s iz e s  
o f the  experim en ta l wounds were e q u iv a le n t in  a re a , as th e se  
a re  im p o rtan t f a c to r s  in  wound h e a lin g  (v . su p ra .)
C u thbertson , Shaw and Young ( I 94l )  d e sc r ib e d  a method 
fo r  removing c i r c u l a r  s e c tio n s  o f  th e  sk in  in  r a t s  and from 
th i s  th e  fo llo w in g  tech n iq u e  was evolved ,
'fwelve m ature C o n tro ls  and tw elve P r in c ip a ls  were used .
The an im als were f i r s t  a n a e s th e t is e d  w ith  e th e r  and th e  h a i r  
c lo s e ly  removed w ith  h a i r  c l ip p e r s  from th e  d o r s i - l a t e r a l  
a sp e c t o f  each th ifd i. To av o id  I r r i t a t i o n  o f  the  sk in , 
shaving , d é p i la t io n  by p lu ck in g  o r  chem ical p re p a ra t io n s , 
such AS barium  su lp h id e , were n o t u sed , A dem arcation  on 
each th ig h  was made w ith  a s p e c ia l ly  sharpened cork b o re r , 
o f  d iam ete r 12 ram., and th e  a re a s  were c a r e f u l ly  c u t o u t w ith  
s c i s s o r s ,  ta k in g  th e  minimum o f  subcutaneous t i s s u e .
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In  th e  o p e ra tio n , no a c tu a l  In c is io n  was made w ith  the 
b o re r ,  as  th e  u n d e r ly in g  m uscle i s  e a s i ly  in ju re d  and t h i s  
must be avoided . R arely  any b leed in g  was observed  and no 
a n t i s e p t i c  o r  d re s s in g  was a p p lie d . The an im als  appeared  to  
be u n d is tu rb ed  by th e  o p e ra tio n  and d id  n o t l i c k  t h e i r  wounds 
which o u ick ly  d r ie d  up. S ep s is  was observed  in  none o f th e  
wounds, d e s p i te  th e  f a c t  th a t  th e  on ly  p reoam stion  tak en  to  
p rev en t i t  was th e  s t e r i l i s a t i o n  o f a l l  in s tru m en ts  b e fo re  
wounding.
H lflto lo g lc a l s e c tio n s  were made of th e  ex c ised  d is c  o f  
sk in  to  determ ine th e  ex ac t amount o f  ep iderm is removed. -  
F ig . 2. P o rtio n s  o f  sk in  a r e  n o to r io u s ly  d i f f i c u l t  to  keep 
f l a t  and to  p re v en t from c u r l in g  d u rin g  f i x a t io n .  The 
fo llo w in g  teehn ioue  was th e re fo re  d ev ised . The d is c  o f 
sk in , im m ediately  a f t e r  rem oval, was c a r e f u l ly  sp read  f l a t  
between two c i r c u la r  sh e e ts  o f  f i l t e r  pap er. These f i l t e r
paper c i r c l e s  J u s t  f i t t e d  in to  a P e t r i  d is h . A second
P e t r i  d ish , o f s l i g h t l y  sm a lle r  d iam ete r, was p laced  on to p  
o f th e  f i l t e r  p ap e rs . F ix a tiv e  was then  run  in  between th e  
two P e t r i  d ish e s  f o r  th e  u su a l tim e o f f i x a t io n .  T h e re a f te r  
th e  norm al method o f  d eh y d ra tio n  and embedding was employed 
( V. I n f r a . )  By th e  u se  o f t h i s  method and n o t tlie  ones 
suggested  by C erle to n  ( 1938) and Cowdry ( 1943)» which th e  
sk in  l a  e i th e r  p inned  ou t on a p ie c e  of co rk  o r  sp read  down 
on a  wooden tongue d ep re sso r f o r  th e  f i r s t  few m inutes o f
Ftga. 1 and g .
P ig . 1 . showa a ia g ra r ia a tlo a lly  how, the ex o lsed  d isc  o f  ekim 
wee eproftd f l a t  between two o lrew lar  eheeta o f  f i l t e r  paper* 
Theee f i l t e r  paper e lr o le e  f i t t e d  In to  th e ou ter  P e tr i d leh  
imd the Inntw P e tr i diWh# o f  « l ig h t ly  emmller d iam eter, 
p laeed  on top  o f  th e  f i l t e r  papere. The eeo tion  o f  ek ia  
wee thus unable to  ou rl In  a t  th e  edges and a f t e r  f ix a t io n ,  
a p e r fe o t ly  f l a t  p ieo e  o f  t ia e u e  was obtained .
FifiL-â* i^iowe « le  exact amount o f  ekln removed, m. epidermi# 









f ix a t io n ,  th e  sk in  does n o t te n d  to  o u rl in  a t  th e  edRee and 
a p e r f e c t ly  smooth p ie o e  o f t i s s u e  i s  o b ta in e d  a s  shown in  
1 and 2 .
K is to lo e d o a l s e c tio n s  were a ls o  made o f th e  h e a le d  
a re a s  and underlying^ t i s s u e s  to  confirm  by m ie ro so o p io a l 
o b se rv a tio n  th e  r e s u l t s  o b ta in e d  m ao ro so o p io a lly . Good
s e c t io n s  o f sk in  and u n d e r ly in g  t i s s u e s  a re  very  d i f f i c u l t  
to  o b ta in  a s  in  th e  p re lim in a ry  p ro c esse s  o f f ix a t io n  and 
d e liy d ra tio n , th e  v a ry in g  t i s s u e s  tend  to  harden  to  very  
d i f f e r e n t  d eg rees .
The ch o ice  o f f ix a t iv e  i s  v e ry  im p o rtan t. There i s  so
much co n tro v e rsy  in  h i s to lo g ic a l  l i t e r a t u r e  abou t th e  b e s t
f i x a t i v e  f o r  sk in , t h a t  I t  was e s s e n t i a l  a t  f i r s t  to  t r y  ou t
v a r io u s  s o lu tio n s  in  o rd e r  to  s e l e c t  th e  one which geve th e
b e s t  r e s u l t s .  From th e  fo llo w in g  f ix a t iv e s  -  Bouin, 4 p e r
c e n t F o m o l, M ercuric  form ol, a  m ix tu re  o f  M ercuric c h lo r id e ,
Form alin  and A c e tic  a c id , P ic r i c  a c id  d ioxane and A bso lu te
a lc h h o l -  i t  was found th a t  M ercuric form ol was th e  most
s u c o e s s fu l. C onsequently  in  a l l  h i s to lo g ic a l  work on th e
sk in , t h i s  f i x a t i v e  was used  made up in  th e  o ro o o r t io n ? -
90 o .c .  s a tu ra te d  M ercuric form ol 
10 c .c .  40 p e r  c e n t form aldehyde
B est r e s u l t s  were o b ta in e d  by p e rfu s io n  o f  th e  e n t i r e  h ind
q u a r te r s  o f  th e  anim al w ith  f ix a t iv e  th rough  th e  abdom inal
a o r ta .  M ercuric form ol was allow ed  to  flow  th rough  f o r  h a l f
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f ix a t io n ,  th e  sk in  does n o t ten d  to  o u rl In  a t  th e  edges and 
p. p e r f e c t ly  smooth p ieoe  o f t i s s u e  le  o b ta in ed  a s  shown in  
F ig s . 1 end 2.
K le to lo g io a l see t ie n s  were a lso  made o f th e  h e a le d  
a re a s  and u n d e rly in g  t i s s u e s  to  confirm  by m io ro so o p io a l 
o b se rv a tio n  th e  r e s u l t s  o b ta in e d  maoro soopi o a l ly .  Good
s e c tio n s  of sk in  and u n d e rly in g  t i s s u e s  a re  very  d i f f i c u l t  
to  o b ta in  as  in  th e  p re lim in a ry  p rocesses  o f f ix a t io n  and 
d eh y d ra tio n , th e  vary in g  t i s s u e s  tend to  harden to  very  
d i f f e r e n t  degrees.
The choice of f ix a t iv e  i s  v e i r  im p o rtan t. 'R iere i s  so
much con tro v ersy  in  h i s to lo g ic a l  l i t e r a t u r e  abou t th e  b e s t
f i x a t iv e  fo r  sk in , th a t  I t  was e s s e n t ia l  a t  f i r s t  to  t r y  ou t
v c r lo u s  so lu tio n s  in  o rd e r to  s e le c t  th e  one which geve th e
b e s t  r e s u l t s .  From the fo llo w in g  f ix a t iv e s  -  Bouln, 4 p e r
cen t F om ol, M ercuric form ol, a  m ixture o f M ercuric ch lo rid e#
Form alin  and A ce tic  a d d ,  P ic r ic  ac id  d ioxane and A bso lu te
alcfahol -  i t  was found th a t  M ercuric form ol was th e  most
s u c c e s s fu l. C onsequently  in  a l l  h i s to lo g ic a l  work on th e
sk in , t h i s  f ix a t iv e  was used  made up in  th e  p ro p o r t io n : •
$0 o .c .  s a tu ra te d  M ercuric form ol 
10 c .o*  40 u e r c en t form aldehyde
B est r e s u l t s  were o b ta in ed  by p e rfu s io n  o f th e  e n t i r e  h ind
q u a r te r s  o f th e  anim al w ith f ix a t iv e  througli th e  abdom inal
a o r ta .  M ercuric form ol was allow ed to  flow  th rough  f o r  h a l f
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an hour, a f t e r  R inger had p re v io u s ly  washed ou t th e  b lood .
This method gave a qu ick , uniform  and thoroup^ f ix a t io n .
Without such p re lim in a ry  f ix a t io n  o f  th e  e n t i r e  h ind  q u a r te rs  
i t  was p r a c t i c a l ly  im p o ss ib le  to  ex c ise  th e  wounded sk in  
a re a  and u n d e rly in g  t i s s u e s  in  one b lo ck , so lo o se  i s  th e  
connective  t i s s u e  b in d in g  Skin to  u n d e rly in g  s t r u c tu r e s  th a t  
th e  sk in  In e v ita b ly  s e p a ra te d . The p ie c e  o f  t i s s u e  was now 
ex c ised , p laced  in  f i x a t iv e  o v e m ip b t and then  fo r  fo u r  days 
in  4 per cen t pheno l, which h as  a marked so f te n in g  q u a l i ty  
w ithou t any s p e c ia l  im pairm ent o f s ta in in g  q u a l i t i e s .
The t i s s u e  was now dehydrated  in  a lc o h o l and t h i s  
p ro cess  a lso  re q u ire d  c a re , a s  a lco h o l te n d s  to  make sk in  
v ery  h a rd . I t  has been ad v ised  to  cu t th e  tim e o f deh y d ra tio n  
to  a minimum, b u t, a lth o u g h  a sh o r t  p e r io d  may be s u i ta b le  f o r  
a th in  P iece  o f  t i s s u e ,  i t  was found th a t  w ith  t i s s u e s  5 
o r  more th ic k , th e  d eh y d ra tio n  was n o t com plete . At f i r s t ,  
th e  tech n iq u e  o f  p a ss in g  th e  f ix e d  t i s s u e  th rough  th e  d i f f e r e n t  
t r a d e s  o f  e th y l  a lc o h o l, JO p e r  c e n t, $0 p e r  c e n t, 75 p e r  cen t 
and then  b u ty l a lc o h o l -  tw en ty -fo u r hours in  each -  was 
a ttem p ted , b u t n o t very  s a t i s f a c to r y  r e s u l t s  were o b ta in e d . 
A fte r  s e v e ra l  experim en ta l t r i a l s ,  th e  fo llo w in g  m ix tu res  
proved to  be v ery  s a t i s f a c to r y ,  and th i s  form o f dehy d ra tio n  
was used  in  a l l  f u tu r e  work. im bedding was alw ays done in  
pure  o a r a f f in .
1. 45 p e r  c e n t . . .  E thy l a lc o h o l . . .  90 c .o .  . . .  24 hours
B utyl a lc o h o l . . .  10 c .o .
33.
2 . JO p e r  ce n t . . .  E thy l a lc o h o l . . .
B uty l a lc o h o l . . .
75 0 .0 . . 
25 0 .0 .
. .  24 hours
3 . 90 p e r  cen t . . •  E thyl a lc o h o l . . .
B utyl a lc o h o l , . .
45 0 .0 . • 
55 c .c .
. .  24 hours
4 . 100 p e r  cen t . . •  E thy l a lc o h o l . . •
B utyl a lc o h o l . . .
25 0 ,0 . .
75 c .o .
. . 24- hours
5 . Tlireo changes in  B utyl a lc o h o l . . . 24 hours each
6. One hour in  B uty l p a r a f f in
7. Tw enty-four hou rs in  pure p a r a f f in
The T îsrsffln  b lock  6 wore now p laced  eo v e ra l day a in  ’*M olllfex"- 
a s o lu tio n  f o r  s o f te n in g  hard  tle a u e o  -  a f t e r  irtiloh very  f in e  
s e c tio n s  could  bo c u t  a t  app rox im ate ly  8pon th e  Cambridge 
m icrotom e.
î ü h r l i o h ’ s  a o i d  l la e m a to x y l in  a n d  O ra n g e  G w e re  u s e d  t o  
s t a i n  a l l  s e c t i o n s .
The c r i t e r i a  o f  h e a lin g  were th e  d isapoearanoe  o f  a l l  
g ra n u la tio n  tism ae  and com plete e p i t h e l i a l ! e a t i o n  o f th e  
wounded a re a  (m acrosoopio o b s e rv a t io n ) .
(b ) R e su lts  -  The e f f e c t  o f  *Luxus ooneim ption* o f
aaoo rb io  a c id  by mouth In  r a t s .
A f te r  th e  d is c s  o f sk in  were removed, th e  wound sub- 
ee o u en tly  e n la rg e d , a s  a r e s u l t  o f  ta k in g  th e  d is c  from a 
r e l a t i v e l y  e l a s t i c  and m obile ak in , b u t rem ained c i r c u la r  in  
o u t l in e .  I t  was i n t e r e s t i n g  to  n o t ic e  th a t  once e p i t h e l i a l  
r e g e n e ra tio n  eoimaenced, th e  wound h ea le d  a s  an e l l i p s e ,  u n t i l  
by th e  f i n a l  day i t  ended a s  a very  sm all, narrow  l i n e .
34.
There proved to  be no s t a t i s t i c a l  s ig n if ic a n c e  between th e  
two groups, as seen from Table I ,  th e  C o n tro ls  a l l  being  
h ea led  In  an average  o f  15 days and th e  P r in c ip a ls  In  l6  
d ays.
TABLE I
E ffe c t of **Luxue‘* consum ption o f  A scorbic a c id  by mouth in  
r a t e .
C o n tro ls ;-  S tandard  d i e t ,  w ith  2Ç mg. A scorb ic  ac id  by 
mouth d a l ly  in  s o lu t io n . 12 an im als , w ith  
b i l a t e r a l  wounds -  24 wounds which hea led  in  
15 days.
P r in c ip a l s : -  S tandard  d i e t ,  no a d d i t io n a l  A scorb ic  a c id .
12 an im als  w ith  b i l a t e r a l  wounds -  24 wounds 
which hea led  In  I6  days.
The form ula recommended by Burn (1937) nr). -  m was used+ £
to  determ ine th e  s t a t i s t i c a l  s lg n lf io a n o e .
No. o f
Wounds
Mean P erio d  
re q u ire d  
f o r  h e a lin g
D iffe re n c e
between
C o n tro ls
and
P r in c ip a ls
DAYS
days i  S .E . 
of  mean
24 c 15 1 0 .6 6
1
24 ^ 16 •à 0 .33
rrip- me
m » mean p e r io d  f o r  h e a lin g
C * C o n tro ls  
E •  s tan d a rd  e r r o r  9.E .
F -  P r in c ip a ls
-  ^ -  1. 5)
P + £c
Only i f  th e  r a t i o
/n, -  m.
0 .7 4
i s  g r e a te r  than  3 o^n th e
y e ; ^
d if fe re n c e  between two s e r ie s  be co n s id e red  s ig n i f i c a n t .
35.
( o) K lstolO R loal F to tn ire
One r a t  from each a e r ie s ,  C on tro l and P r in c ip a l ,  was 
k i l l e d  on th e  e l ^ t h  day a f t e r  h e a lin g  and f ix e d  by p e rfu s io n . 
A sm all square o f sk in , in c lu d in g  th e  wound, was cu t o u t 
w ith  a th in  la y e r  o f  m uscle and p laced  in  th e  f ix a t iv e  over­
n ig h t .  On exajiTiinatton o f th e  s e c tio n s  o u t, i t  was found 
th a t  th e re  was no h i s to lo g ic a l  d iffe re n o o  between th e  wounds 
o f  th e  two s e r ie s  a t  t h i s  p o in t  as  shown in  F ig s . 3 and 4*
The above h i s to lo g ic a l  p ro cess  was re p e a te d  in  an o th e r 
C on tro l and P r in c ip a l  two and a h a l f  months a f t e r  h e a lin g  
took p la c e  and ag a in  th e re  was no m icroscop ic  d if fe re n c e  in  
th e  two s e r ie s  a s  shown in  F ig s . 5 and 6.
This m icro scop ic  o b se rv a tio n  p roves c o n c lu s iv e ly  th a t  
th e  o r a l  a d m in is tr a t io n  o f  excess a sc o rb ic  a c id  does no t 
in f lu e n c e  th e  r a t e  o f  h e a lin g  o f sk in  wounds in  any way in  
r a t s ,  no r does i t  seem to  a f f e c t  the  h i s to lo g ic a l  apnearanoe 
of the  sc a r  t i s s u e .
rigg, 3 and 4
F ig . 3 thow0 # see tio n  o f  Control m t* o  ekln on tho e igh th  
dmy a f te r  h e a lin g . No elgn  o f  any d efea t In e p lth e llu n  
or underlying oonneotlve t le e u e  la y ere  oan be eeen . There 
l e  no elgn  o f  the wound and the ekln l e  q u ite  normal. (X SK>)
f ig .  4 ehowe a ee e tlo n  o f  P rln o lp a l rat*#  ekln on the
e igh th  day a f t e r  h e a lin g . *^e h le to lo g lo a l  appearanoe 
o f  th le  ee e tlo n  l e  I d e n tle a l w ith  the Control*# p lo tu re  
and AeooTdxle mold d e fle le n o y  ha# made no a f fe o t  on the  




r i gt t .  3 « i d  6
M g. 5 éhowe m • •o t lo n  o f  Control rat*«  A in  two «nd a 
h a lf  month# a f t e r  h e a lin g . Both ep ith elium  and oonneotire  
t ie e u e  are p e r fe o t ly  normal. (X 90)
Â  tkiBw# a aeotion  o f  P rin cip a l rat*#  A in  two and a 
h a lf  month# a f t e r  h ea lin g .  ^ Again i t  appear# e x a c tly  
e im ila r  to  th e Control*# p ic tu re  and a l l  t ieeu e#  are  
normal. (X90)
m .
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DIRECT APPLICATION OP AS m s .
The e f f e c t  o f  d u s tin g  s t e r i l i s e d  a s c o rb ic  ao id  powder 
d i r e c t l y  on to  sk in  wounds was now in v e s t ig a te d .  The same 
method o f  wounding th e  th ig h  was used  in  th e  fo llo w in g  
experim en ts a s  in  (a )  above.
(a )  Methods
A c o n tro l  s e r i e s  was run in  c o n ju n c tio n  w ith  a  p r in c ip a l  
s e r i e s ,  12 young r a t s  in  each . The c o n tro l  r a t s  had t h e i r  
wounds l e f t  un touched  and th e  p r in c ip a l s ' wounds were d u s ted  
d a i ly  w ith  th e  powder. The d i e t  in  each case  c o n s is te d  o f  
o n ly  r a t  oak e -n u ts  and w a te r .
(b ) R e su lts
There was a  s ig n i f i c a n t  d if f e re n c e  in  th e  h e a lin g  r a t e s .
The wounds o f  th e  c o n tro ls  in  th e  e a r l i e r  s ta g e s  o f 
h e a l in g  were l e s s  r e d , th ic k , and showed l e s s  su rround ing  
in d u ra tio n  than  th o se  o f  th e  p r in c ip a l s .  The scabs o f  th e  _ 
c o n tro ls  came o f f  e a r l i e r  and w ere much more compact and 
uniform  th roughou t.T he  c o n tro ls  were h ea le d  in  an average o f 
11 days, w h ile  th e  P r in c ip a ls  took 18 days. (The d if fe re n c e  
in  h e a lin g  tim e o f  th e  C o n tro ls , a s  compared to  th e  p rev io u s  
experim ent, may be a s c r ib e d  to  th e  age o f  th e  r a t s .  In  th e  
p re v io u s  experim ent th e  r a t s  were a t  l e a s t  s ix  months o ld e r  
than  th e  t a t s  in  t h i s  ex p e rim en t.)
There was l i t t l e  doubt t h a t  t h i s  d e lay  was due to  th e  
o f th e  a o id , a s  i t  has been proved b e fo re  th a t  hydrogen ion
TABLE 2
E ffe c t o f d i r e c t  a p p l ic a t io n  o f Aaoorbio ao id  powder on 
akin wounda in  r a t s .
C o n trô la :-  S tandard  d i e t ,  wounda l e f t  un touched . No 
A scorbio  a o id . 12 an im als w ith  b i l a t e r a l  
wounda — 24 wounda. Wounda h e a le d  in  
average 11 days.
P r in c ip a l s : -  S tan d ard  d i e t ,  wounda d u sted  d a i ly  w ith  
A scorb ic  ao id  powder. 12 an im als w ith  
b i l a t e r a l  wounda -  24 wounda. Wounds 
h ea le d  in  I8  days.
No. o f
Mean P eriod  
re q u ire d  
fo r  h e a lin g
D iffe re n c e
between
C o n tro ls




*  S .E .  
o f Mean
24 c 11 i  1 .03
24 P 18 i  0 .7 6
7
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T his Table shows t h a t  th e re  i s  q u i te  a s ig n i f io a n t  
s t a t i s t i o a l  d if f e re n c e  between th e  two g roups.
37.
o o n o e n tra tlo n  hae a d e f in i t e  e f f e c t  on wound h e a lin g  -  
Davidson (1945)* A scorb ic  a c id ,  In  c o n c e n tra te d  s o lu t io n  
such as  p robab ly  e x is te d  In  th e  wound, has a pH In  th e  
neighbourhood o f 3 o r  4* Table 2 shows th a t  th e re  I s  q u ite  
a  s ig n i f ic a n t  s t a t i s t i c a l  d i f f e re n c e  between th e  two g roups.
In  o rd e r f u r th e r  to  In v e s t ig a te  th e  e f f e c t  o f pH, 
b i l a t e r a l  wounds were made on 24 r a t s  a s  b e fo re  and d iv id ed  
In to  th re e  g roups. In  group (A) one wound was p a in te d  d a i ly  
w ith  a s o lu t io n  o f  sodium a s c o rb a te , th e  pH being  re g u la te d  
to  app rox im ate ly  6.6  by m ixing 2 c .c .  (100 m g ./c .c .)  
p lu s  18 c .o .  phosphate  R inger. The o th e r  wound was p a in te d  
w ith  R inger on ly , pH approx im ate ly  6 .6 . In  o th e r  words, 
th e  o n ly  d if fe re n c e  between th e  two s o lu t io n s  was In  th e  
c o n te n t o f A scorb ic a d d ,  osm otic p re s s u re  and pH being  
s im i la r .  Both s o lu t io n s  had a s o lu te  c o n c e n tra tio n  o f 
abou t 1 p e r c e n t.  In  group (b) bo th  wounds were p a in te d  
w ith  R inger on ly  and In  group (C) bo th  wounds were t r e a te d  
w ith  th e  sodium a sc o rb a te  s o lu t io n .  The r e s u l t s ,  a s  shown 
In  Table 3, show 10 s ig n i f i c a n t  d if fe re n c e  In  th e  r a t e  o f  
h e a lin g  In th e  th re e  s e r ie s .
A f i n a l  experim ent was c a r r ie d  o u t u s in g  a s tro n g e r  
s o lu t io n  o f sodium a sc o rb a te  a p p lie d  d i r e c t l y  to  th e  wounds. 
Twelve r a t s  had R inger on ly  and tw elve had 3 P®** cen t sodium 
a s c o rb a te  a lo n e  p a in te d  on t h e i r  wounds. In  th e  end a l l  
wounds h ea le d  up in  e x a c tly  th e  same tim e in  bo th  s e r i e s .
TABLE 3
E ffe c t  o f a s o lu t io n  o f eodlum a e o o rb a te , pH re g u la te d  to
approx im ately  6. 6, on ek ln  mounds In  r a t s .
24 r a t s  d iv ided  In to  th re e  g ro u p s.
(A) S tandard  d i e t ,  8 r a t s  w ith  b i l a t e r a l  wounds -  16 
wounds. One wound p a in te d  d a l ly  w ith  a s o lu t io n  
of sodium a s o o rb a te , and th e  o th e r  wound p a in te d  
w ith  R inger o n ly .
S tandard  d i e t ,  8 r a t s  w ith  b i l a t e r a l  wounds -  I6  
wounds. Both wounds p a in te d  w ith  R inger o n ly . 
S tandard  d i e t ,  8 r a t e  w ith  b i l a t e r a l  wounds -  I6  
wounds. Both wounds t r e a te d  w ith  sodium a sc o rb a te  
s o lu t io n .
Group A h ea led  In  1$ days.
Group B h ea led  In  15 days.
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f o r  h e a lin g





i  S .E . 
o f  mean
16 A 
16 B
4 0 .6 6
1
16 C , 14 * 0 .3 3
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This proved th a t  th e  hydrogen Ion  c o n c e n tra tio n  was d e f in i t e ly  
th e  f a c t o r  which I n h ib i te d  th e  h e a lin g  p ro c e ss  In  th e  p rev io u s
in v e s t ig a t io n .
38.
I . e .  fo u rte e n  days, which p roves c o n c lu s iv e ly  th a t  d i r e c t  
a p p l ic a t io n  o f  sodium a sc o rb a te . In  c o n t r a d is t in c t io n  to  
a p p l ic a t io n  o f a s c o rb ic  a c id , has no I n ju r io u s  e f f e c t  on 
th e  h e a lin g  o f sk in  wounds. However, In  r a t s ,  
ddmioi^tpatlon of A scorb ic  a c id  by mouth, had no a c c e le r a t in g  
a c t io n  on th e  h e a lin g  o f ekln  wounds.
39.
2 . THE r a t e  op HEALING OP SECOND AND 3UB3EQUBW WOUNDS.
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In tro d u c tio n .
In  1941 Young, F is h e r  and Young c a r r ie d  o u t a s e r i e s  o f 
experim ents on r a b b i t s , th e  e s s e n t i a l  purpose o f  which was 
to  d isco v e r w hether o r  n o t th e  r a t e  o f  h e a lin g  o f  a second 
wound in  th e  sk in  d i f f e r s  from th a t  o f  a p rim ary  wound. A 
d is c  o f sk in  was removed from th e  u n d e rly in g  ap o n eu ro sis  on 
th e  a n im a l 's  back in  b o th  i n i t i a l  and subsequent wounds, th e  
l a t t e r  being  i n f l i c t e d  d u rin g  th e  in te rm e d ia te  s ta g e s  o f 
h e a lin g  o f  th e  p re v io u s  g e n e ra tio n  o f wounds -  t h i s  was th e  
one m a te r ia l  r e s p e c t  in  which they  d i f f e r e d .  In  every  one 
o f  ten  groups, th e  subsequent wounds h ea le d  a t  a g re a te r  
r a t e  than  th e  co rresp o n d in g  i n i t i a l  wounds and t h i s  in c re a s e  
in  r a t e  was s t a t i s t i c a l l y  s ig n i f io a n t  in  seven g roups. A 
co n c lu sio n  was reach ed  th a t  some a c c e le r a t in g  f a c to r  must 
o p e ra te  in  th e  h e a lin g  o f a subsequent wound which i s  la c k in g  
in  th e  h e a lin g  o f an i n i t i a l  one.
T his o b se rv a tio n  has been confirm ed by Sandblom ( 1944) 
who m easured th e  t e n s i l e  s t r e n g th  o f  th e  h e a l in g  wounds. I t  
i s  co n ce iv ab le  t h a t  t h i s  a c c e le ra t io n  may be due to  a 
d i f f u s ib l e  grow th-prom oting su b stan ce  e la b o ra te d  in  and around 
th e  i n i t i a l  wounds. F req u en tly  i t  has been p o s tu la te d  th a t  
damaged t i s s u e  l i b e r a t e s  some substan ce  cap ab le  o f s t im u la tin g  
t i s s u e  p r o l i f e r a t io n  -  "grow th-prom oting su b stan ces"  (Marchand,
40.
1901,) "wound honaonee" (H a b e rlan d t, I9 2 1 ) . Thesw su b s tan ce s , 
I f  they  do e x i s t ,  m ight re a so n ab ly  be expected  to  be most 
abundant d u ring  th e  e a r ly  and in te rm e d ia te  s ta g e s  o f h e a lin g  
when p r o l i f e r a t iv e  a c t i v i t y  i s  most v ig o ro u s , i . e .  from th e  
te n th  to  th e  fo u r te e n th  day in  experim en ta l wounds o f th e  
type d esc rib ed  above, and to  be d is s ip a te d  d u rin g  th e  te rm in a l 
s ta g e s  of th e  p ro c e ss  When p r o l i f e r a t io n  i s  v an ish in g . No 
p re c is e  means a re  a v a i la b le  o f  dem onstra ting  th e se  g row th- 
prom oting su b stan ces  chem ica lly  o r  b io lo g ic a l ly  b u t a f t e r  
Young, F ish e r  and Young’ s o u ts ta n d in g  r e s u l t s  i t  d id  seem 
most p robab ly  th a t  t h e i r  e x is te n c e  was j u s t i f i e d .
F isc h e r  (I930) has shown th a t  t i s s u e  c u l tu r e s  which 
were re p e a te d ly  wounded m echan ica lly , grew more q u ick ly  th an  
c o n tro ls ,  and th a t  s a l in e  e x t r a c t s  o f  such wounded c u l tu r e s  
could  re v iv e  growth in  c u l tu r e s  in  which growth was l a t e n t .
In  1941 F isc h e r concluded th a t  " th e  l i b e r a t i o n  o f  su b s tan ces
w ith  grow th-prom oting p ro p e r t ie s  ...................... which a re  s e t
f re e  by th e  m u tila te d  c e l l s "  i s  one o f  th e  f a c to r s  in v o lv ed  
in  th e  p ro cess  o f re g e n e ra tio n .
I f  such h y po theses a re  t ru e  and th e se  "wound hormones" 
a re  l ib e r a te d  d u rin g  th e  p ro cess  o f  h e a lin g , th e  q u e s tio n  
a r i s e s  a s  to  w hether th ey  would s t i l l  be p re s e n t  a f t e r  com plete 
h e a lin g  and would then  a f f e c t  th e  r a t e  o f  h e a lin g  of a second 
wound i n f l i c t e d  s h o r t ly  a f t e r  th e  i n i t i a l  one had h e a le d .
41.
In  a l l  th e  work which hae been accom pliehed on th e  r a t e  o f  
e lo su re  o f "eecondary" wounde, o n ly  th e  in te rm e d ia te  e tagee  
o f h e a lin g  o f  a p re v io u s  g e n e ra tio n  o f wounda has been 
in v e s t ig a te d . I f  such su b stan ces  a s  "wound hormones" e x is t  
du ring  th a t  s ta g e  in  wound h e a lin g  when p r o l i f e r a t i v e  
a c t i v i t y  i s  most v ig o ro u s , then  i t  may w e ll be expected  f o r  
them s t i l l  to  be p re s e n t  a f t e r  h e a lin g  h as  been accom plished. 
With t h i s  sp e c u la tio n  in  mind, th e  fo llo w in g  experim ent was 
c a r r ie d  ou t on r a t e  to  d isc o v e r an answer to  t h i s  problem . 
Method.
12 r a t s ,  which had a lre a d y  been wounded in  th e  A scorbic a c id  
experim en ts, were used  and second wounds were i n f l i c t e d  on 
th e  same s i t e  a s  th e  i n i t i a l  wounds, one month a f t e r  th e  
l a t t e r  had h e a le d . îh e  same te c h n ic a l  p ro ced u re  fo r  wounding 
as p re v io u s ly  d e sc r ib e d  was employed i . e .  rem oval o f  d is c s  o f  
sk in  from th e  u n d e r ly in g  ap o n eu ro sis  on th e  o u te r  a s p e c t o f 
each th ig h . Both groups o f r a t s  re c e iv e d  th e  same d i e t  o f  
r a t  cubes and w a te r .
R e s u l ts .
The wounds were c lo s e ly  observed  from day to  day to  f in d  th e  
exac t r a t e  o f  h e a lin g . I t  was found th a t  th e  average p e rio d  
o f h e a lin g  in  th e  i n i t i a l  wounds was l 6 days and in  th e  second 
wounds 13 days.
The s t a t i s t i c a l  s ig n if ic a n c e  o f  t h i s  oan be seen in
42.
Table 4* These r é s u l t a  do su g g est th a t  i n i t i a l  wounds tend  
to  have a la g  In  th e  f i n a l  days o f  h e a lin g  which I s  ab se n t 
In  subsequent wounds. Once ag a in  a  p o s s ib le  e x p lan a tio n  o f  
t h i s  p ro b lem .Is  th e  p resenoe o f "wound horm ones." I t  would 
appear th a t  th e se  "chem ica l* su b stan ces  rem ain d u rin g  th e  
e n t i r e  p e r io d  o f  h e a lin g  and a re  s t i l l  a c t iv e  some tim e a f t e r  
d isap p ea ran ce  o f th e  I n i t i a l  In ju ry .
TABLE 4
The r a t e  o f heallnc; o f a  second wound I n f l i c t e d  on th e  
same a re a  as  th e  i n i t i a l  wound a f t e r  one month.
12 r a t s  w ith  i n i t i a l  b i l a t e r a l  wounds -  24 wounds. S tandard
d i e t .  Wounds h e a le d  in  average o f  l 6  days.
12 r a t s  w ith  second wounds — same an im als . S tandard  d i e t .  
Wounds hea led  in  av e rag e  o f  13 days.
No. o f  
Wounds
Mean P erio d  
re q u ire d  
f o r  h e a lin g





i  S .E . 
o f  mean
24 I 16 4 0.33
3
24 8 13 4 0.45
I  «B I n i t i a l  wounds 
S w Second wounds
mj -  mg
0.55
5-4
T his Table shows t h a t  th e re  i s  q u i te  a s ig n i f i c a n t  




P Ê  f t f tÉ Ê ^ »  o f  A .eo rH É  M i . t *  #  t t i n  Wound.
In  Guinea P ig s.
In tro d u c tio n
A) THIGH WOUNDS.
1. O ra l A d n in ls tra t io n  
Methods
R e su lts
H is to lo g ic a l  P ic tu re
2. D ire c t A p p lic a tio n  
Methods
R e su lts
B) KAR WOUNDS.
1, O ra l A d m in is tra tio n  
Methods 
R e su lts
45.
THE INFLUENCE OF ASCORBIC AOID ON THE HEALING OF BKIN WOUNDS 
IN auiNm PiQg.
I n t r o d u c t i o n .
The guinea p ig , in  c o n tr a s t  to  th e  r a t ,  i s  dependent on an 
o u ts id e  supply o f  v itam in  0 to  m a in ta in  p ro p e r m etabolism  in  
th e  body. A part from th e  monkey i t  i s  th e  on ly  la b o ra to ry  
an im al in  which scurvy  oan be e x p e rim e n ta lly  in tro d u c e d , and 
a s  a  r e s u l t  in te n s iv e  in v e s t ig a t io n s  have been c a r r ie d  o u t 
on t h i s  s u b je c t . The im portance o f  t h i s  ex p erim en ta l work 
was re co g n ised  when i t  was found th a t  Idie d is e a s e  in  an im als 
b e a rs  a c lo se  r e la t io n s h ip  to  t h a t  found in  man. A ll r e s u l t s  
o b ta in e d  in  gu inea p ig  experim ents a r e  n o t d i r e c t l y  a p p lic a b le  
to  man e s p e c ia l ly  in  th e  s e le c t io n  o f c o r r e c t  amounts o f  
v itam in  C recp iired  p e r  day. Bourne concluded in  1942 th a t  2 
mg. o f  a sc o rb ic  a c id  f o r  a gu inea  p ig  may be app rox im ate ly  
equal to  40 mg. f o r  man. The r e s u l t s  in  B ru m e 's  work 
su g g es t th a t  2 mg. i s  th e  optimum amount o f  v itam in  C f o r  
se c u rin g  re g e n e ra tio n  o f in c is e d  wounds in  gu inea p ig s , and 
th a t  dose le v e ls  h ig h e r  than  t h i s  w i l l  n o t im prove th e  ten ­
s i l e  s t r e n g th  o f  th e  wound. A lthough s a tu r a t io n  w ith  v itam in  
C i s  n o t e s s e n t i a l  f o r  op tim al h e a lin g , Bourne suggested  th a t  
maximal s a tu r a t io n  o f t i s s u e s  h e lp s  to  p ro v id e  b e s t  r e s i s ta n c e  
o f  t i s s u e s  to  in f e c t io n .
D a n ie l l i ,  F e l l  and Kodicek ( 1945) i u  t h e i r  experim ents 
on th e  e f f e c t  o f d i f f e r e n t  d eg rees  o f  v itam in  C d e f ic ie n c y  on
46.
th e  d i f f e r e n t i a t io n  o f s e a r  t i s s u e ,  found t h a t  th e  optimum 
le v e l  o f v itam in  C f o r  c a v le s , a s  a s se s se d  by I t s  b e n e f ic ia l  
a c tio n  on the  r a t e  o f h e a lin g , I s  n o t l e s s  than  5 P®**
day and p o ss ib ly  even h l ^ e r .  T his dose l e v e l  v a r ie s  
c o n s id e rab ly  from th a t  p roposed  by Bourne b u t t h i s  may have 
been due to  a d if fe re n c e  In  ages o f  th e  an im als used  In  th e  
two experim ents. H a rr is  and Ray (1935) In  t h e i r  s tu d ie s  on 
v itam in  0 In  th e  human be ing  concluded th a t  th e  v itam in  C 
req u irem en ts  o f c h i ld re n  a re  g r e a te r  than  th o se  o f  an a d u l t  
c a lc u la te d  p e r u n i t  o f body w eigh t. T h is r e s u l t  may w e ll 
app ly  to  th e  gu inea p ig  and b e fo re  such co n c lu s io n s  a s  to  
th e  optimum dose re q u ire d  oan be reach ed , c a r e fu l  study  must 
be made to  ensure  t h a t  th e  an im als  a re  o f  th e  same age .
!?ith  so much In fo rm atio n  a v a i la b le  on th e  e s s e n t i a l  p a r t  
a sc o rb ic  a c id  p lay s  In  th e  fo rm atio n  o f I n t e r c e l l u l a r  m a te r ia l  
I t  I s  n o t n e c e ssa ry  to  s t r e s s  th e  Im portance o f  ta k in g  a 
s u b s ta n t ia l  dose o f t h i s  v itam in  d a l ly .
Much iisp o rta n t work has been accom plished In  d e te rm in in g  
th e  e f f e c t  o f a sc o rb ic  ac id  d e f ic ie n c y  on th e  s c a rs  c f  In c is e d  
wounds -  Bourne (1944)5 Hunt (1941)5 Wolbaoh ( I9 2 6 ) . 
I n c is io n s  In  the  abdom inal w a ll and e x c is io n s  o f  th ig h  m uscle 
were th e  ty p es  o f  wounds I n f l i c t e d  on th e  an im als and 
co llag en o u s  t i s s u e  tl'rus p lay ed  th e  most Im portan t p a r t  In  th e  
h e a lin g  p ro c e ss . In  th e  an im als on a low dose th e re  was an 
In c re a se d  amount o f re tic u lu m  In  the  sc a re  which were f a r  more
47.
e e l l u l a r  an d  s p l i t  u p  b y  e x t r a v a s a t i o n s  o f  b lo o d * - s ta in e d  
f l u i d .  T h is  i s  i n d e e d  a  d i r e c t  c o n t r a s t  t o  t h e  p i c t u r e  o f  
a  s c a r  I n  a c o n t r o l  a n im a l  -  i t  i s  c o m p a c t, u n i f o r m  a n d  
v a s c u l a r  th r o u f ÿ îo u t ,  b e in g  o o m posed  o f  m a tu r e  f i b r o c y t e s  i n  
a  m a t r i x  o f  c o l l a g e n .
T he s t r e n g t h  o f  a  s o a r  i s  d e p e n d e n t  o n  t h e  i n t e r c e l l u l a r  
s u b s t a n c e  l a i d  down b y  t h e  f i b r o b l a s t s  a n d  t h e  f u l l  m a t u r a t i o n  
o f  t h i s  s u b s t a n c e ,  p r e c o l l a g e n ,  t o  c o l l a g e n  -  e f f e c t i v e  a n d  
r a p i d  d e p o s i t i o n  i s  e s s e n t i a l ,  b u t  t h i s  p r o c e s s  i s  i t s e l f  
d e p e n d e n t  on  t h e  p r o l i f e r a t i o n  o f  m e s o d e rm a l c e l l s .  C o l la g e n  
a r i s e s  a s  a  c o n d e n s a t io n  o f  t h e  e x t r a c e l l u l a r  m a t e r i a l  i n  
im m e d ia te  a s s o c i a t i o n  w i t h  t h e  f i b r o b l a s t s  a n d  t h e i r  p r o c e s s e s .  
I n  d e f i c i e n t  a n im a l s  t h e  r e a d y  r e v e r s i o n  o f  t h e  c o l l a g e n  o f  
s o a r s  t o  i t s  im m a tu re  a n d  w e a k e r  fo rm  o f f e r s  a n  e x p l a n a t i o n  
o f  t h e  b r e a k i n g  down o f  h e a l e d  w ounds i n  s c u r v y .
H u n t f o u n d  t h a t  c e l l u l a r  p r o l i f e r a t i o n  w as l i t t l e  
a f f e c t e d  by  d e f i c i e n c y  d u r i n g  t h e  e a r l y  s t a g e s  o f  h e a l i n g .
New f i b r o b l a s t s  a p p e a r e d  a t  f i r s t  i n  b o th  c o n t r o l s  a n d  
d e f i c i e n t s  a n d  m u l t i p l i e d  t o  a b o u t  t h e  sam e e x t e n t .  H o w ev er, 
i n  t h e  c o n t r o l s ,  t i l l s  p r o l i f e r a t i o n  c e a s e d  a b o u t  t h e  f o u r t e e n t h  
d a y  a f t e r  t h e  o p e r a t i o n  b u t  i n  s c o r b u t i c  a n im a l s  i t  c o n t i n u e d  
lo n g  b e y o n d  t h a t  t im e .  I t  m ay b e  t h e  l a c k  o f  a s c o r b i c  a c i d  
w h ic h  s t i m u l e t e d  p r o l i f e r a t i o n  o f  t h e  c e l l s  o r  s i n c e  t h e  
f o r m a t i o n  o f  s c a r  t i s s u e  w as d e l a y e d ,  t h e  c e l l u l a r  p r o l i f e r a t i o n  
w as p r o l o n g e d ,  b u t  i n  a l l  c a s e s  t h e  c e l l s  r e m a in e d  im m a tu r e .
46.
The manner In  whloh T l t^ r ln  C a c te  In  th e  fo rm ation  o f  
I n t e r c e l l u l a r  m a te r ia l  I c  s t i l l  unknown, d e s p i te  th e  in te n s iv e  
re s e a rc h  which h as  been c a r r ie d  o u t on t h i s  s u b je c t . 3o 
much a t te n t io n  has been c o n c e n tra te d  on th e  fo rm ation  and 
e s tab lish m en t o f  co llag en o u s  t i s s u e  in  wound h e a lin g  th a t  the  
fu n c tio n  o f th e  o th e r  im p o rtan t t i s s u e  in  t h i s  r e p a ra t iv e  
p ro c ess  -  ep ith e liu m , h as  been n e g le c te d . In  view of t h i s  
f a c t  i t  thus seemed d e s ira b le  to  d isc o v e r  w hether v itam in  C 
d e f ic ie n c y  e f f e c t s  in  a s im ila r  manner th e  re g e n e ra tio n  o f  
e p i t h e l i a l  t i s s u e .
a) thigh wounds.
1. O ral Admini s t r a t i o n .
M ethode.
Equal numbers o f a d u l t  gu inea  p ig s  ware used  as  C o n tro ls  and 
P r in c ip a ls  in  a l l  experim en ts . A b a s a l d i e t  o f r a t  cubes, 
a s c o rb ic  a c id - f r e e , was g iven  to  th e  an im als in  b o th  g roups.
To ensu re  th a t  th e  C o n tro ls  were f u l l y  s a tu ra te d  w ith  th e  
v itam in , 5 mgm. a s c o rb ic  a c id  were g iven  to  each anim al every 
day. The P r in c ip a ls  were each given j  mgm. on a l t e r n a te  
days th u s  reducing  them to  a su b sco rb u tio  s t a t e .  The 
v itam in  was f r e s h ly  d is so lv e d  in  w a te r each day and th e  
r e q u i s i t e  dose was g iven  by p ip e t t e  in  ^  c . c .  w ate r to  each 
s e r ie s .  The w eigiit o f  each gu inea p ig  was n o ted  every  
th i r d  day, and a f t e r  th e  f i r s t  two weeks on t h i s  d i e t ,  the
49.
P r in c ip a l# ' w e ij^ te  began to  d ec rease  s te a d i ly  w h ile  th e  
C on tro ls  r e g u la r ly  in o reaeed . -  F ig . 7« 'I^ he P r ln o lp a ls  
by th i s  time were beg inn ing  to  show th e  c h a r a c t e r i s t i c  sign# 
and symptom# o f d e f ic ie n c y . Tender, in flam ed  lim bs were 
f re q u e n tly  observed , b u t most n o tic e a b le  o f a l l  was th e  
rough, d u ll  h a i r .  The an im als o f te n  developed th e  s ign  o f 
* s ta r in g  f u r ,  " in  which th e  h a i r  on c h e s t  and abdomen became 
wet and m atted a sign  f re q u e n tly  c o r r e la te d  w ith  a n u t r i ­
t io n a l  d e fe c t. There was no v i s ib le  d is tu rb a n c e  o f th e  gum
in  any case and p re s s u re  d id  n o t produce any b le e d in g  o r  
o th e r  symptom o f te n  assoo iat& d w ith  v itam in  C d e f ic ie n c y  in  
man.
The anim als were k e p t on t h i s  s p e c ia l  d i e t  f o r  approx im ately  
th re e  weeks b e fo re  th e  o p e ra tio n . )0  gu inea p ig s  were used  
in  t h i s  experim ent and th e  wounds were made under e th e r  
a n a e s th e s ia  u s in g  th e  same method d e sc rib e d  f o r  th e  r a t .  A 
c o i t  b o re r  o f  l a r g e r  d iam ete r, approx im ate ly  id  mm., was used 
t h i s  tim e to  dem arcate th e  a re a  on th e  th ig h  -  th e  h e i r  hav ing  
p re v io u s ly  been c lip p e d  -  s in ce  th e  su rfa c e  a re a  o f th e  gu inea 
p ig  i s  o f g r e a te r  dim ension then  th e  r a t .
S e c tio n s  o f th e  d is c  o f sk in  were made showing th e  
e p i t h e l i a l  la y e r  which had been removed. (F ig . 8 ) .  A s e r i a l  
p ic tu r e  o f th e  h e e lin g  p ro cess  was p rep ared  h i s to lo g ic a l ly  in  
b o th  groups and th e  r e s u l t s  o f  th e  wide c o n t r a s t  observed  in  
th e  experim en t can be c le a r ly  seen . (F ig s . 9 -  14»)
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Résulté^. *. I
A s t r i k i n g  d i f f e r e n c e  from th e  r e s u l t*  o b ta in e d  p re v io u s ly  
w ith  th e  r a t s  became obvious when h e a lin g , commenced. At 
f i r s t  scab  fo rm a tio n  took  p la c e  in .  th e  wounds o f  b o th  groups, 
b u t  i n  th e  P r in c ip a ls  i t  was soon obvious t h a t  t h i s  was very  
s u p e r f i c i a l  a s  haem orrhages o ccu rred  d a i ly  and a t  th e  
s l i g h t e s t  p re s s u re  th e  soabs lo o sen ed  and came o f f .  
E p i th e l i a l l s a t i o n  was g r e a t ly  d e lay ed , th u s  le a d in g  to  a 
s ig n i f i c a n t  d if f e r e n o e  between th e  p e r io d s  o f  h e a lin g .
F ig s . 11 and 12 show p ic tu r e s  o f  th e  imunds tak en  on th e  
1 6 th  day a f t e r  th e  o p e ra tio n  end th e  pronounced d e lay  in  
h e a lin g  o f th e  P r in c ip a ls  i s  q u i te  c l e a r ly  shown h e re .
There i s  on ly  a  m inu te scab l e f t  on th e  C o n tro l w h ile  th e
wound in  th e  P r in c ip a l  i s  s t i l l  o f  la rg e  a re a  and shows l i t t l e
s ig n  o f  h e a lin g . There was a s l i g h t  s c a t t e r  in  th e  tim e of 
h e a lin g  in  each group b u t th e  average  p e r io d s  o f  h e a lin g  
w e re :-
C o n tro ls    16 days.
P r i n c i p a l s .................  2$ days. “
J •  I
TABLE 5
E f f e c t  o f 0%%! a<3mi n i  s t r a t i  on o f  A scorbic a c id  on 
h e a lin g  o f sk in  ^rounds.
C o n tro l! -  n tsn d a rd  d i e t ,  5 mg. A scorb ic  a c id  d a l ly  by
mouth in  s o lu t io n . 12 an im als w ith  b i l a t e r a l  
wounds -  24 wounds which h e a le d  in  average l6  
days.
P r i n c i p a l : -  s ta n d a rd  d i e t ,  ^ mg. A scorb ic  a c id  on dltepo^Lte dà.^ s 
by mouth In  s o lu t io n . 12 an im als  w ith  b i l a t e r a l  
wounds -  24 wounds which h e a le d  In  average 29 
days.
Mo. o f  
Wound.
Mean P e rio d  
re o u ire d  
f o r  h e a lin g
D iffe ren c e  
between 
C o n tro l8 
and 
P r in c ip a ls  
DAYS
Days * 8 .E .
o f  mean
24 C 16 à  0 .8 1
13
24 P 29 i  1.15
(Tip — fT)f. a 13 •  9.2
< 1.14
The s t a t l a t l o a l  d i f f e re n c e  o f  t h i s  d e la y , a s  determ ined  
by Bum* 8 fo rm ula , p roves c o n c lu s iv e ly  th a t  I t  I s  most 
s i g n i f i c a n t .
rz&. 6
&
8 ehova » o f the layer o f ahln eo tu a lly
renored a t the operation. Both ep ldem le end m iUe 
vero vero out aony hut no underlylag m eeu lar tleeu e




Pigs* 9 &R& 10*
Pig* 9 2nd day Wound
C o n tro l :-  S p ith o liu m  a lre a d y  sp rea d in g  In  from th e  edge 
o f  damaged e u r fa e é . Skaall w ell-fo rm ed  soab oowere th e  
whole wound. P in e , wavy o o llag en  f i b r e s  can be seen  ^
between th e  o e l l s  and f lb r o b la e te  and a r e  a lre a d y  
beg in n in g  to  invade wound in  an o rd e r ly  o r i e n ta t io n .  .
(X 90)
J-
P ig . 10 -  2nd day Wound
P r i n e l p a i : -  No s ig n  o f  new e p i t h e l i a l  grow th. A mass 
o f  haem orrhaglo , oedematous t i s s u e  d en se ly  I n f i l t r a t e d  
w ith  polymorphs f i l l s  th e  o a v lty  which i s  covered  by a  
l a r g e ,  th ic k  soab* No c o lla g e n  f i b r e s  can be seen and 
th e  f i b r o b la s t s  a re  few and o r ie n ta t io n s  c h a o t ic .
(X 9 0 )
1 ■
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F ig , 11 -  l6 th  day o^xoiû,
C o n tro l! -  CoB^lote grow th o f  ep ith e liu m  o v e r h e a le d  
a r e a .  In  th e  derm is p a r a l l e l  la y e r s  o f  th ic k  o o llag en  
f i b r e s  a i^  f i b r o b l a s t s  can be seen . Mo new fo rm ation  
o f  h a i r  f o l l i c l e s  o r  sebaceous g lands has deve loped .
(X 90)
F ig , 12 -  l 6 t h  day Wound
P r i n c i p a l : -  Wound s t i l l  covered  by tliio k  soab* th e  
h i s to lo g ic a l  c h a ra c te r  o f  th e  s e a r  rem ain in g  unchanged. 
O r ie n ta t io n  o f  b o th  c e l l s  and f i b r e s  i s  s t i l l  c h a o tic  
and th e r e  i s  l i t t l e  outgrow th from th e  e p ith e liu m ,
(X 90)
f i g u r e  II
%
f ig u r e  12
F ig s . 13 and 14 .
F ig . 13 -  y ) th  day Wound.
C o n tro l! -  H is to lo g ic a l  p i c tu r e  o f  e p ith e liu m  anA
derm is back to  norm al, 
h a i r  f o l l i c l e s  form ing, 
and co llag en o u s  t i s s u e .
New sebaceous g lan d s and 
W ell-form ed f ib r o b la s t s  
(X 90)
'---a-
F ig . 14 -  30 th  day Wound.
P r i n c i p a l : -  E p i t h e l i a l ! s a t io n  now com ple te . No 
derm al p a p i l la e  p ro je c t in g  upward in to  ep id erm is , 
and no s ig n  o f any h a i r  f o l l i c l e s  o r  g la n d s . In  
derm is f i b r o b l a s t s  have s t i l l  no p ro p e r fo rm atio n










1^1 s to lo g ic a l  P i c t u r e .
In  o rd e r  to  o b ta in  a  h ie to lo g le a l  p ic tu r e  o f  th e  r e p a r a t iv e  
p ro o ees  in  each group, 3 C bn tro la  and 3 i ^ l n c lp a l s  were k i l l e d  
a t  i n t e r v a le  -  on 2nd day a f t e r  o p e ra tio n , l 6 th  day (C o n tro l 
h e a le d ) and f i n a l l y  on th e  3^th  day when th e  P r in c ip a l  had 
healed*  T h is m lo ro eco p lo a l p ic tu r e  shows in  d e t a i l  th e  
d e la y 'I n  h e a lin g  -  e s p e c ia l ly  th e  la ck  o f  e p l t h e l i a l i  s& tlon 
in  th e  P r in c ip a l* 6 wound on th e  l6 th  day when th e  C o n tro l was 
h e a le d .
Prom th e  above r e s u l t s  I t  may w e ll be deduced t h a t ,  when 
an a re a  o f  sk in  i s  removed in  an anim al l i a b l e  to  s u f f e r  from 
a s c o rb ic  a c id  d e f io ie n e y , a d m in is tr a t io n  o f a sc o rb ic  a c id  i s  
In d ica te d *
2) DIRECT APPLICATION
S ince  th e  r e s u l t  o f  g e n e ra l a s c o rb ic  a c id  d e f ic ie n c y  h as  such 
a  s ig n i f i c a n t  ire ta rd a tio n  on th e  h e a lin g  of sk in  wounds, i t  
seemed w orth w h ile  th e r e fo re  to  t r y  th e  e f f e c t  o f  d i r e c t  
a p p l ic a t io n  o f a s c o rb ic  a c id  to  th e  th ig h  wounds in  C o n tro ls  
and P r in c ip a ls .
M ethods* , j
The an im als  were d iv id e d  in to  fo u r  g roups?- a) 4 C o n tro ls  
r e c e iv in g  5 mgm# a so o rb lo  a c id  o r a l ly  p e r day, w ith  R inger 
a p p lie d  to  b o th  wounds (pH R inger approx* 7*4) ;  b) 4 
C o n tro ls  r e c e iv in g  th e  same o r a l  dose b u t bo th  wounds p a in te d  
d a i ly  w ith  3^  sodium a sc o rb a te  (pH re g u la te d  to  app rox im ate ly
52.
6*é> s in c e  a sc o rb ic  a c id  i s  so q u ick ly  d e s tro y e d  a t  a lk a l in e  
pH); c) 4 P r in c ip a ls  re c e iv in g  |* mgm. o f a s c o rb ic  a c id  on 
a l t e r n a t e  days o r a l l y ,  bo th  wounds being  t r e a te d  w ith  R inger; 
d) 4 P r in c ip a ls  w ith  same o r a l  done and b o th  wounds p a in te d  
w ith  sodium asoortaftto d a i ly .  R inger was used  in  groupa 
(a )  and ( o) in  o rd e r  to  keep th e  wounds m o is t, so t h a t  th e  
on ly  d if fe re n o e  in  s o lu tio n s  would be th e  a sc o rb ic  a c id  
c o n te n t. The an im als  were wounded under e th e r  a n a e s th e s ia  
on th e  t h i ^  in  the  u su a l manner and a l l  wounds p a in te d  
d a i ly  w ith  th e  r e q u i s i t e  s o lu t io n .
R e s u l ts .
I t  was found th a t  in  th e  two C on tro l groups, bo th  re c e iv in g  
ample v itam in  C by mouth, th e r e  was l i t t l e  o r  no d if fe re n c e  
in  th e  r a te  o f h e a lin g . The a sc o rb ic  a c id  appeared  to  
a c c e le r a te  th e  h e a lin g  a t  f i r s t ,  b u t t h i s  proved to  be o f  no 
s ig n if ic a n c e  a s  seen from Table 6. The average  p e r io d s  o f 
h e a l in g  w e re :-
C o n tro l Wounds p a in te d  w ith  a s c o rb ic  a c id  , , . .1 5  days.
C o n tro l Wounds p a in te d  w ith  R in g e r........................................... l 6  days.
T h is r e s u l t  seems to  c o r r e la te  w ith  th a t  o b ta in e d  in  th e  r a t  
experim en ts  on page J 7  -  "b u ffe red "  a sc o rb ic  a c id  in  excess 
a p p e a rs  to  have a n e g li^ ^ b le  e f f e c t  on th e  r a t e  o f h e a lin g  o f  
sk in  wounds j if the supp^ of a_sco?hic aciJ is othepwhe nopinâl.
However a d i f f e r e n t  p ic tu r e  was o b ta in ed  in  th e  case o f th e  
P r in c ip a ls*  wounds. Here th e re  was a n o ta b le  a c c e le r a t io n
TABLE 6
E ffe c t  o f d i r e c t  a p p l io a t io n  o f A aoorbic a c id  s o lu tio n  on 
C o n tro l Guinea p ig s .
Two g roups, each w ith  4 a n im a ls .
a) 4 C on tro ls  re c e iv in g  5 mg. A scorb ic a c id  o r a l ly  
by mouth, w ith  R inger a p p lie d  to  b o th  wounds. 
B i la te r a l  wounds.
b) 4 C o n tro ls  re c e iv in g  th e  same o ra l  dose bu t bo th  
wounds p a in te d  d a l ly  w ith  3^ sodium a s c o rb a te . 
B i la te r a l  wounds.
a) 8 wounds h e a le d  In  l6  days.
b) 8 wounds h ea led  In  15 days.
No. o f 
Wounds
Mean P eriod  
re q u ire d  
fo r  h e a lin g
D iffe ren ce
between
Groups
Gays A 3.E .o f mean DAYS
8 OR 16 * 0 .6 6
1
6 CA 15 ^ 0 .4 6
cm
CA
C on tro l w ith  R inger 
C o n tro l w ith  A scorb ic  a c id
Ji-cK + 0 .81
1.23
This r e s u l t  p roves to  be o f no s ig n if ic a n c e  and I t  ap p ears  
th a t  excess A scorb ic  a d d  In  Guinea p ig s  h as  no a c c e le ra t in g  
e f f e c t  on h e a lin g  o f sk in  wounds.
53.
i n  th e  h e a lin g  tim e and an av e rag e  d i f f e re n c e  o f  10 days waa 
obaerved between th e  two g roupe• The outw ard apnearanoe o f  
th e  wound t r e a te d  w ith  aeoo rb lo  ao ld  began to  assume a more 
norm al appearance a s  h e a lin g  p rogressed*  The In ju re d  a rea  
d id  n o t become so in flam ed , n o r d id  th e  scab  ten d  to  b reak  
open a t  r e g u la r  I n te r v a l s  a s  was th e  case  In  th e  P rin c ip a ls*  
wounds t r e a te d  w ith  R inger. Group (d) d id  n o t h e a l  so 
r a p id ly  as  th e  C on tro l groups o f  t h i s  and th e  p rev io u s  s e r ie s  
b u t on th e  average a l l  wounds had h ea led  by th e  POth day a f t e r  
o p e ra tio n . ^ Table 7* In  c o n t r a s t ,  group (o) had an average 
p e r io d  o f h e a lin g  o f  days o * f. 29 days In  s e r ie s  shown on 
p . So. There I s  no doubt th a t  d i r e c t  a p p l ic a t io n  o f sodium 
a sc o rb a te  to  a sk in  wound in  a v itam in  C d e f ic ie n t  c a v le  
a c c e le r a te s  h e a lin g .
In  consequence o f t h i s  Im portan t o b se rv a tio n , a f u r th e r  
experim ent was c a r r ie d  o u t on a group o f P r in c ip a ls  to  
de term ine  w hether th e  a c tio n  o f a sc o rb ic  a c id  on th e  h e a lin g  
p ro c ess  was lo c a l  o r  sy stem ic .
Ten P r in c ip a ls ,  re c e iv in g  \  mgm. a s c o rb ic  ao ld  o r a l ly  
on a l t e r n a te  days, were wounded on b o th  t l i ig h s . As f a r  as  
t h e i r  d i e t s  were concerned , th e ^ , a l l  were on a s c o rb u tic  
d i e t .  î^oh  wound on th e  r i g h t  th ig h  was p a in te d  d a i ly  w ith  
th e  a sc o rb a te  s o lu t io n ,  and th e  l e f t  wound p a in te d  d a i ly  w ith  
R in g e r. At f i r s t  i t  appeared  as I f  th e  r i g h t  wound would 
h e a l more q u ick ly  b u t In  th e  In te rm e d ia te  s ta g e s  o f h e a lin g
TABLE
E ffe c t of d lro o t  a p p l lc a t io n  o f A scorbic a c id  s o lu t io n  on 
D e f ic ie n t (Guinea p ip s .
Two groups, each w ith  4 an im a ls .
c) 4 P r in c ip a ls  rec3l'»r1.np t  mg. A sco rb ic  a c id  o r a l l y  
on a l t e r n a te  days, b o th  wounds b e in g  t r e a te d  w ith  
R inger. B i la te r a l  wounds -  8 wounds which h ea le d  
in  3^ days.
4 P r in c ip a ls  re c e iv in g  th e  same o ra l  dose and bo th  
wounds p a in te d  w ith  sodium a sc o rb a te  d a l ly .  




Mean P e rio d  
re q u ire d  
f o r  h e a lin g




* 8 .E , 
o f  mean DAYS
8 PR 30 à 0 ,6 6 10
6 PA 20 à 2 .1 6
PR m P r in c ip a l  w ith  R inger






T his r e s u l t  shows th a t  th e re  i s  a s ig n i f i c a n t  d e lay  In  
h e a lin g  and th e re  i s  no doubt th a t  d i r e c t  a p p l ic a t io n  o f  
A scorb ic  ao ld  to  a  sk in  wound in  a v itam in  C d e f ic ie n t  
Guinea p ig  a c c e le r a te s  th e  h e a lin g  tim e.
54.
th e  wound on th e  l e f t  th ig h  caught up w ith  th e  wound on the  
r i g h t  th ig h . U ltim a te ly  th e  p e rio d  o f h e a lin g  o f th e  r ig h t  
wound was deye and th a t  o f th e  l e f t  24 days. T his 
d if f e r e n c e  I s  n o t s ig n if ic a n t»  Table 8 . The obvious
su g g estio n  I s  th a t  th e  ae o o rb ic  ao ld  i s  absorbed  from th e
raw su rface  and e x e r ts  i t s  a c tio n  e y s te m lo a lly . These two 
p e r io d s  o f h e a lin g  l i e  raid-way between th e  h e a lin g  tim es o f 
groups (o) and (d ) in  th e  p re v io u s  experim ent. T his r e s u l t
i s  more o r  l e s s  to  be expected  i f  i t  i s  accep ted  th a t
A scorb ic  ao ld  a c ts  eystem loally»  a s  th e re  i s  on ly  h a l f  th e  
amount o f s o lu t io n  p a in te d  on th e  wounds a s  th e re  was in  
group (d ) o f th e  p rev io u s  s e r i e s .  There i s  one p o s s ib le  
f a l l a c y  to  t h i s  l e t t e r  s e r i e s ,  th e  o av ies  may have l ic k e d  
t h e i r  wounds. I t  was n o t found p i^ c t ic a b le  to  tak e  c e r ta in  
s te p s  to  avo id  t h i s  danger, b tjt a t  no tim e was l ic k in g  
observed .
B) SAR WOUNDB
l )  O ral A d m in is tra tio n  
A f te r  th e  c o n c lu s iv e  o b s e i ^ t i o n s  t h a t  A scorb ic  a c id  d e f ic ie n c y  
has a d i r e c t  e f f e c t  on th e  h e a lin g  o f sk in  lo o s e ly  a t ta c h e d  
to  d eep er s t r u c tu r e s ,  i t  seemed d e s ir a b le  to  d is c o v e r  w hether 
th e  same r e s u l t  cou ld  be o b ta in e d  in  th e  e a r  where th e  sk in  
i s  r i g i d l y  f ix e d . In a c tu a l f a c t  th e  e a r  wound i s  e s s e n t i a l ly  
s im ila r  to  th e  th ig h  wound as  i t  i s  m ainly ep iderm is which i s
TABTJS B
E ffe c t  o f A scorb ic ao ld  p a in te d  on r ig h t  wound o f  P r in c ip a l  
wî^iile l e f t  wound i s  t r e a te d  w ith  R inger.
Ten anim als on s ta n d a rd  d i e t ,  each re c e iv in g  ^  rag. A aoorbic 
a c id  on a l t e r n a te  days. hach wound on r ig h t  th ig h  p a in te d  
d a i ly  w ith  yP sodium a a c o rb a te , and l e f t  wound t r e a te d  d a i ly  
w ith  R inger.
No. o f  
Wounds
Mean P erio d  
R equired  
f o r  h e a lin g
D iffe ren c e  
between 
R iflbt and 




o f  mean
10 R 23 & 1 1
10 L 24 * 1 .6
R igh t wound
L L e f t  wound
•  0*53
-f £ 1 . 9
The d if fe re n o e  i n  h e a lin g  tim e between r i p ^ t  and l e f t  wounds 
i s  n o t s ig n i f ic a n t  wMoh n rovss th a t  A scorb ic  a o ld  does no t 
have a lo c a l  n o tio n  b u t i s  absorbed  from th e  su rfa c e  and 
e x e r ts  i t s  a c t io n  s y s te m ic a lly .
55.
a f f e e te d .  Only th e  su rfa c e  a re a  o f th e  ep ith e liu m  removed 
l0  very  much reduced  and s in c e  th e  ep ith e liu m  would be a b le  . 
to  p r o l i f e r a t e  q u ic k ly  on bo th  s id e s  o f  th e  e a r ,  i t  was 
expected  th a t  an a c c e le r a t io n  in  th e  r e p a r a t iv e  p ro c ess  would 
be observed .
M ethods.
The anim ala were k e p t on th e  u su a l d i e t  o f r a t  cubes and 
w a te r , w ith  th e  C o n tro ls  r e c e iv in g  5 "igm. a s c o rb ic  a c id  
o r a l l y  p e r day and th e  P r in c ip a ls  ^ mgm. on a l t e r n a te  days, 
f o r  two weeks b e fo re  th e  o p e ra tio n . G eneral a n a e s th e s ia  
was ad m in is te red  u s in g  e t t ie r .  A m arg ina l s t r i p ,  rough ly  
1 on. long , was o u t o f f  th e  t i p s  o f  b o th  e a rs  in  4^ C o n tro ls  
and P r in c ip a ls .
R e s u l t s *
P r o l i f e r a t io n  o f ep ith e liu m  took  p la c e  q u ic k ly , being  
p a r t i c u l a r ly  n o t ic e a b le  in  th e  C o n tro ls , a s  on th e  f i r s t  
day a f t e r  th e  o p e ra tio n  th e  t i p s  o f  th e  e a r s  wore rounded and 
h e a lin g  w e ll .  At th e  o p e ra tio n  i t  was n o ted  th a t  th e  
P r in c ip a ls  tended to  b leed  more p ro fu se ly  th en  th e  C o n tro ls  
which was to  be expec ted  because o f th e  in c re a se d  c a p i l l a r y  
f r a g i l i t y .  H ealthy  ep ith e liu m  soon grew q u ick ly  over th e  
t i p s  o f th e  C ontro ls*  e a rs  and in  an average o f  8 days a l l  
wounds had h e a le d . There warn a n o t ic e a b le  d e lay  in  th e  
r e p a i r  o f th e  P r in c ip a ls*  wounds which px*oved to  be 
s ig n i f i c a n t  -  Table 9*
TABLE 1
E ffe c t  o f  o r a l  a d m in is tr a t io n  o f  A scorb ic  a c id  on h e a lin g  
o f  e a r  wounds.
C o n tro l :-  S tandard  d ie t»  5 mg. A scorb ic a o id  d a i ly  by
mouth in  s o lu t io n . 20 an im als wounded in  each 
e a r  -  4^ wounds w hich h e a le d  in  8 days.
P r in c ip a l : -  S tan d ard  d i e t ,  J  mg. A scorb ic  a o id  on a l t e r n a te  
days by mouth in  s o lu t io n .  20 an im als wounded 
in  each e a r  -  4^ wounds which h e a le d  ih  14 days.
No. o f
Mean P e rio d  
re q u ire d  
f o r  h e a lin g
D iffe re n c e
between
C o n tro ls
and




i  3.E . 
o f  mean
40 0 8 1 0 .6
6
40 P 14 i  0 .7 •
nip —
y 0 .9 2 5
» 6 .4
This r e s u l t  i s  o f  s t a t i s t i c a l  s ig n if ic a n c e .
56.
A th lo k  0oab x w a in e d  on th e  P r ln o lp a ls ’ e a rs  f o r  some tim e 
and haem orrhages ooourred  a t  th e  s l i g h t e s t  p re s s u re . The 
e a rs  were very  s e n s i t iv e  to  th e  touch  and appeared  to  be 
Inflam ed to  some d eg ree . Complete e p l t h e l l a l l s a t l o n  d id  no t 
ta k e  p la c e  u n t i l  an average o f  14 days a f t e r  th e  o p e ra tio n . 
T his r e s u l t  c e r t a in ly  ag rees  w ith  th e  p re v io u s  experim ent on 
th ig h  wounds and s t r e s s e s  th e  Im portance o f  a sc o rb ic  a c id  In  
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THE INFLUENCE OF A8COIIBIO ACID ON THE HEALING OF CORNEAL 
EPITHELIUM IN GUINEA PIGS.
INTRODUCTION.
I t  I s  w e ll known th a t  th e  e p ith e liu m  o f th e  oom ea i s  
endowed w ith  a rem arkab le  c a p a c ity  f o r  re g e n e ra tio n  and th e  
r e p a i r  o f wounds may be accom plished in  a m a tte r  o f h o u rs . 
T h is i s  s u rp r is in g  when i t  i s  r e a l i s e d  t h a t  th e  cornea i s  
a v a s c u la r . N e ith e r  b lood  v e s s ie s  n o r lym phatio s occu r in  
th e  p ro p r ta .  They a re  h a l te d  a t  th e  lim bus, where th e  
cornea merges w ith  th e  s o le ra .  This i s  in  sharp  c o n tr a s t  
to  th e  r ic h  supply  o f  bo th  im m ediately  beneath  th e  ep iderm is 
o f  th e  ak in . The e p i t h e l i a l  c e l l s  o f  th e  oom ea a re  indeed  
s e v e ra l  m ill im e tre s  d i s t a n t  from th e  n e a re s t  c a p i l l a r i e s .  
C onsequently  th e  abundant nerve  supply  o f  th e  oom ea has 
n o th in g  to  do w ith  b lood v e s s e ls ,  n o r w ith  any k in d  o f  m uscle. 
I t  i s  senso ry . Y et, in  th e  absence o f  d e f in i t e  channels  fo r  
supply  o f  m a te r ia ls  o f haematogenous o r ig in ,  and depending 
a s  i t  does on slow d if fu s io n ,  th e  o o m e a l ep ith e liu m  i s  
e x t r a o r d in a r i ly  ad ep t a t  r e p a i r  o f i n j u r i e s ,  (Cowdry, I9 3 8 ) .
The method o f  re g e n e ra tio n  o f o o m ea l e p ith e liu m  s t i l l  
rem ains a p o in t  o f  co n tro v e rsy  in  O phthalm ologlcal l i t e r a t u r e .  
R anvier (I889) s t a te d  th a t  th e  p ro c ess  o f f i l l i n g  up an 
e p i t h e l i a l  d e fe c t  i s  sim ply m echanical, r e le a s e  o f  te n s io n  
a llo w in g  th e  c e l l s  to  s l id e  over Bowman’ s membrane and s p i l l
60.
o v e r In to  th e  b a re  area* T h is  oonolueion was based  on th e  
o b se rv a tio n  th a t  m ito s is  d id  n o t u s u a l ly  become ap p a re n t f o r  
abou t 12 hours a f t e r  in ju ry .  W einstein  ( 1903) and Matsumoto 
(1918) both  ag reed  to  some e x te n t  w ith  t h i s  s ta tem en t 
a lth o u g h  1 hour a f t e r  th e  o p e ra tio n  th e  form er found m ito s is  
in  th e  b a sa l o e l l s  n ea r th e  wound, b u t n o t a t  edge, and 
over th e  e n t i r e  cornea in  4 h o u rs . Arey and Covode ( 1937) 
have fo llow ed  th e  p r o l i f e r a t i v e  a c t i v i t y  in  c o m e a l wounds 
and found th a t  d u rin g  th e  p e r io d  o f  e p i t h e l i a l  r e p a i r  
m i to t ic  frequency f e l l  o f f  to  l e s s  than  o n e -h a lf  th e  norm al 
amount. A lthough wound c lo s u re  was com plete in  s ix  to  ten  
hours i t  was n o t u n t i l  a f t e r  th e  fo u r th  day th a t  th e  m ito t ic  
r a t e  re tu rn e d  to  norm al. D uring th e  f i f t h  day th e re  was a 
marked a c c e le ra t io n  to  exceed th e  normal r a t e  by 75^ fo llow ed  
by a r e tu r n  to  norm al. From o th e r  l i t e r a t u r e  on th e  s u b je c t  
-  H artw ell (I929)» Parsons (I904) i t  seems to  be q u i te  
obv ious th a t  bo th  p ro c e sse s  undoubtedly  o ccu r i . e .  ingrow th  
o f e p i t h e l i a l  c e l l s  from th e  s id e s  and l a t e r  k a ry o k in e s is , 
b u t th e  problem s t i l l  rem ains a s  to  th e  a c tu a l  tim e when 
m ito s is  beg in s.
The r e la t io n s h ip  between Vitamin 0 and th e  oom ea has 
no t y e t  been d e f in i t e l y  s e t t l e d .  Vitam in C i s  known to  
e x is t  in  h igh  c o n c e n tra tio n s  in  th e  human cornea as  w e ll  as
6l.
th e  le n s ,  I t s  p ro b ab le  fu n c tio n  being  to  m a in ta in  b a lan ce  
between the  p ro c e sse s  o f  re d u c tio n  and o x id a tio n . On th e  
assum ption th a t  i t  i s  an im p o rtan t f a c to r  in  th e  n u t r i t io n  
o f th e  s t r u c tu r e  o f th e  eye, Lyle amd McLean ( I9 4 I )  u sed  i t  
in  o ases of in flam m atory  c o n d itio n s  o f  th e  oornea. Doses 
o f 500 mgm. o f V itam in 0 were given once a  day in tra v e n o u s ly , 
a s  w e ll as  o rd in a ry  lo c a l  tre a tm e n t, u n t i l  a c t iv e  in flam m ation  
o f th e  eye had ceased , a f t e r  which th e  v itam in  was g iven  
o r a l ly .  They s t a t e d  th a t  an "improvement in  most c a se s  i s  
a lm ost d ra m a tic ."  There was no reason  to  b e lie v e  th a t  a 
V itam in G d e f ic ie n c y  e x is te d , and th e  b e n e f ic ia l  r e s u l t s  
were a t t r i b u t e d  to  f lo o d in g  th e  body w ith  excess Vitam in C.
L iv in g sto n e  and W alker (I9 4 0 ) s t a t e  t h a t  d i r e c t  m ustard  
gas con tam ination  o f  th e  eye in  r a b b i t s  can be c o n s id e ra b ly  
m itig a te d  by h ig h  doses o f  Vitam in 0 . A lthough Mann and 
P u l l in g e r  ( I940) re p e a te d  t h i s  experim ent, they  cou ld  n o t 
confirm  th a t  in je c t io n s  o f  V itam in C in f lu e n c e  th e  p ro g re ss  
o f  m ustard  gas le s io n s  o f th e  eye i n  r a b b i t s .  These m ustard  
gas le s io n s  must undoubtedly  a f f e c t  more th an  th e  o u te r  
e p ith e liu m , due to  th e  severe  lo c a l  a c tio n  o f  th e  gas and 
eases  o f u lc e r a t io n  a re  bound to  o ccu r. The h e a lin g  o f  th e se  
in flam m atory  le s io n s  a re  bound to  be dependent on th e  h e a lin g  
o f  th e  s u b s ta n t ia  p ro p r ia  a s  w e ll as the  ep ith e liu m  and so do 
n o t g iv e  a t ru e  p ic tu r e  o f  h e a lin g  o f  th e  o o m e a l e p ith e liu m .
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A new method was th u s  d ev ised  to  in tro d u c e  a  su rfa c e  
In ju ry  which would o n ly  d e s tro y  th e  o u te r  la y e r s  o f  epithelium * 
so th a t  the  re g e n e ra tio n  oould be fo llow ed  in  bo th  C on tro ls  
and P r in c ip a ls .
1 . ORAL ADfetlNlSTRATlON 
Method
The seme be s a l  d i e t ,  r a t  cubes and w a te r, was g iven to  
50 C o n tro ls  and P r in c ip a ls  a s  p re v io u s ly  w ith  th e  u su a l 
o r a l  dose o f  a s c o rb ic  a c id .  The an im als were k e p t on th i s  
d i e t  u n t i l  th e  P r in c ip a ls  began to  show d e f ic ie n t  symptoms -  
app rox im ate ly  two weeks -  and then  wounded. . .
A " s tan d ard  wound" i s  re q u ire d  when th e  r a t e  o f  h e a lin g  
i s  to  be compared In  two g rouos. S ev era l methods f o r  ab rad in g  
th e  cornea have been d e sc rib e d  b e fo re , b u t th e  accu racy  o f
v'l
th e  wounds i s  open to  q u e s tio n . Gundersen and Liebman (I944)» 
in  t h e i r  experim ent on th e  e f f e c t s  o f  lo c a l  a n a e s th e t ic s  on 
re g e n e ra tio n  o f  o o m e a l ep ith e liu m , made a b ra s io n s  2mm. wide 
w ith  A m etal s p a tu la ,  from llm bus to  lirabus, a c ro s s  th e  c e n tre s  
o f  th e  cornea* S c h a e ffe r  ( I9 4 6 ) , s tu d y in g  th e  e f f e c t s  o f  
amino a c id s  on wound h e a lin g , made wounds u s in g  a tre p h in e  to  
mark th e  a re a  on th e  oom ea and ab rad ing  th e  ep ith e liu m  w ith  
a s p a tu la .  P o st (I923 ) used  a therm ophore a p p lie d  a t  I30® 
f o r  1 min. to  th e  co rn ea , b u t t h i s  h e a tin g  o f te n  caused more 
o f an in ju r y  than  th e  average  traum a a f f e c t in g  e x f o l ia t io n  
o f  th e  c o m e a l e p ith e liu m .
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However th e se  methods Inv o lv e  a  long and tireso m e 
o p e ra tio n  in  which th e  s i t e  and dep th  o f th e  wound o f te n  
v a r ie s  to  some d eg ree . The fo llo w in g  method was th e re fo re  
in tro d u c e d  to  reduce  th e  tim e o f o p e ra tio n  to  a minimum and 
to  en su re  th a t  each le s io n  was o f s im ila r  a r e a .
G eneral a n a e s th e s ia  was a d m in is te red  u s in g  e th e r  and 
in  a d d it io n  a lo c a l  a n a e s th e t ic ,  H olooaine, was p lace d  in  
th e  c o n ju n c tiv a l saws. I t  i s  q u ite  sa fe  to  use t h i s  drug 
lo c a l ly  a s  P ost (1923) observed  th a t  H olocaine has no 
m a te r ia l  e f f e c t  on th e  r a t e  o f rep lacw nent o f ep ith e liu m  in  
th e  co rnea. B efore th e  in ju ry  was i n f l i c t e d ,  a drop o f 
f lu o re s c e in  was p laced  in  each eye and a f t e r  a few m inutes 
th e  excess was washed o f f  w ith  R inger. The degree o f  
wounding cou ld  th u s  be observed  im m ediately  as th e  c i r c u la r  
a b ra s io n  appeared  b r i ( ^ t  green whenever th e  in s tru m en t came 
in  c o n ta c t w ith  th e  oom ea. The o p e ra tio n  was c a r r ie d  ou t 
in  d a y l ig h t ,  bu t th e  in t e n s i ty  o f f lu o re sc e n c e  was enhanced 
when an u l t r a - v i o l e t  lamp was a ls o  p re s e n t .
A d e n ta l  f i s s u r e  b u r r  o f  2 mm. d iam e te r, a t ta c h e d  to  a 
d e n ta l  engine supp ly ing  th e  m otor power, was used  to  ab rade  
th e  c o rn e a l ep ith e liu m  in  bo th  eyes. T h is b u r r  has a c u t t in g  
fa c e , and th e  fa ce  o n ly  was u sed . The c u t t in g  fa c e  was 
a p p lie d  w ith  a  f irm , s tead y  p re s s u re . The cornea g iv e s
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b e fo re  th e  p re eeu re  and th e re  eeems to  be no f e a r  o f 
p e n e tr a t in g  th e  subetanoe o f  th e  oom ea. The wound was o f  
uniform  dep th  and on ly  o o m e a l ep ith e liu m  was removed -  see 
F ig . 15, U n fo rtu n a te ly , due to  th e  r o ta r y  m otion of the  
o u t t in g  faoe a sp o t o f ep ith e liu m  was very  a p t to  rem ain in  
th e  c e n tre  o f th e  a b ra s io n . This c e n tr a l  sp o t oould be 
removed, however, by runn ing  round th e  p e r ip h e ry  o f th e  
a b ra s io n  w ith  a b u r r  o f  sm a lle r  d iam eter. The a re a  chosen 
fo r  th e  a b ra s io n  was as c lo se  to  th e  c e n tre  o f  th e  cornea 
as p o s s ib le  so t h a t  th e  subsequent o b se rv a tio n s  could  be 
e a s i ly  made.
Exam inations were made every  few hours because o f  the  
sh o r t  h e a lin g  tim e . Each tim e a drop o f  f lu o re s c e in  was 
p lace d  In  each eye and th e  excess  f l u i d  washed o f f  w ith  
R inger as  b e fo re . The In ju re d  a re a  was then  examined under 
U.V. l i g h t  u n t i l  com plete e p i t h e l l a l l s a t i o n  o f  th e  oornea 
took p la c e . C om eal s o e o ta c le s  were worn d u rin g  th e  obsez~- 
v a tlo n s  so th a t  th e  exact end p o in t o f h e a lin g  could  be no ted . 
R e su lts
H ealing  proved to  be most r a o ld  and i t  was e s s e n t i a l  to  
fo llo w  th e  p ro g re ss  o f  h e a lin g  a t  l e a s t  th r i c e  d a i ly .  The 
r e l a t i v e  d iv e rg e n c ie s  in  the  end p o in t o f  h e a lin g  were much 
w ider than  in  any p rev io u s  experim ent w ith  sk in  wounds, com plete 
e p i t h e l l a l l s a t i o n  b e ing  no ted  a t  23 hours in  one case  w lille
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o th e rs  took as long  as  ^2 -  9O h o u rs . Homover, I t  was 
found th a t  th e  average  p e r io d s  o f  h e a lin g  in  C o n tro ls  and 
P r in c ip a ls  were app rox im ate ly  th e  same, th e  d if fe re n c e  be ing  
1 hou r. Prom T able 10 i t  i s  seen th a t  th e  r e s u l t  was no t 
s t a t i s t i c a l l y  s ig n i f i c a n t .
H lg to lo g ic a l P ic tu r e . In  o rd e r  to  fo llow  th e  p ro cess  o f  
h e a lin g  m ic ro sc o p io a lly , one gu inea p ig  was k i l l e d  a) 
im m ediately  a f t e r  o p e ra tio n , b) 20 hours a f t e r  o p e ra tio n ,
c) when oornea was p r a c t i c a l l y  h ea led  -  40 h o u rs . At 20 
hours ( F ig . 16) i t  Can be seen th a t  th e  e p i t h e l i a l  o e l l s  
a re  s l id in g  over th e  denuded a re a  b u t th e re  i s  no sign  o f  
m ito s is  in  th e  e p ith e liu m . Im m ediately b en ea th  th e  
e p i t h e l i a l  la y e r  in  th e  s u b s ta n t ia  p ro p r ia  however, th e re  
can be seen a dense co n g reg a tio n  o f w andering c e l l s  which 
a re  r e a l l y  em igran t le u c o c y te s . These l i e  around th e  o o m ea l 
c e l l s  and a re  on ly  to  be found massed to g e th e r  l ik e  t h i s  a t  
th e  wounded a re a . By 40 hours (F ig . 17) a l l  s ig n s  o f th i s  
c o l le c t io n  o f le u c o c y te s  have d isp e rse d  and th e  co n n ec tiv e  
t i s s u e  once aga in  lo o k s  norm al. The denuded a re a  i s  now 
com ple te ly  covered  w ith  ep ith e liu m , and a p a r t  from one 
sm all sp o t in  th e  c e n tre  on th e  extreme e x te r io r  s id e , the  
oom ea appears to  be p e r f e c t ly  norm al. T h is p ic tu r e  q u i te  
c l e a r ly  d em onstra tes  how e f f i c i e n t  th e  oom ea i s  a t  r e p a i r  
o f  s u p e r f i c i a l  I n j u r i e s  and no d e fe c t  ever rem ains.
TABLE 10
E ffe c t  of o r a l  a d m in is tr a t io n  o f  Aacorblo on h e a lin g  o f  
c o m e a l ep ith e liu m .
C o n tro l :-  S tandard  d i e t ,  5 A gcorble a c id  by mouth 
d a l ly .  25 an im als wounded in  each eye -  50 
wound0 which h ea led  in  45 hou rs .
P r in o ip a l s : -  S tandard  d i e t ,  ^  mg. A scorbic a c id  by mouth on
a l t e r n a t e  days. 25 an im als wounded in  each 
eye -  5^ wounds which h e a le d  in  46 h o u rs .
No. o f  
Wounds
Mean P erio d  
re q u ire d  
f o r  h e a lin g
D iffe ren c e
between
C o n tro ls
and
P r in c ip a ls
HOURSHours
i  8 .E . 
o f  mean
50 C 45 ^ 9
1
50 P 46 i  10 .2
nip -
1 3 .6
-  0 .073
Thla r e s u l t  has no s t a t i s t i c a l  s lg n lf lo a n o e .
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C onoluaion. T his r e s u l t  proved to  be r a th e r  s u rp r is in g  
when i t  i s  known t h a t  th e  o f v itam in  0 p re s e n t  in  th e  
cornea i s  h ig h . The absence o f  any in f lu e n c e  on th e  
wounds does seem to  suggest t h a t  a so o rb ic  a c id  d e f ic ie n c y  
on ly  a f f e c t s  th e  h e a lin g  o f wounds when oonneo tive  t i s s u e  
i s  p re se n t and th a t  th e  power o f  e p i t h e l i a l  p r o l i f e r a t io n  
i s  n o t im paired .
p"h— ■
F i g .  Xg g i v e s  a  p i c t u r e  o f  t h e  w ounded  a r e a  o n  t h e
oornea im m ediately  a f t e r  th e  o p era tio n *  I t  oan be 
seen  th a t  th e  wound i s  o f un ifo rm  dep th  and on ly  th e  
e p ith e liu m  i s  removed. The s u b s ta n t ia  p ro p r ia  i s  n o t 
in ju r e d  in  any way. (X 90)
V - -  S  ~ a *  "





Flfy 16 shows th e  In ju re d  o o m e a l e p ith e liu m  20 hours 
a f t e r  th e  o p e ra t io n . No s ig n  o f  m ito s is  in  th e  
e p i t h e l i a l  la y e r s  h u t th e re  i s  a  dense co n g rég a tio n  
o f  le u c o c y te s  in  th e  s u b s ta n t ia  p ro p r ia  im m ediately  
b en ea th  th e  wounded su rfa c e . (X 90)
^ 8 *  17 shows th e  o o m e a l e p ith e liu m  has p r a c t i c a l l y  
h e a le d  a p a r t  from a  s l i g h t  d e f e c t  in  th e  c e n tr e . 
A part from t h i s  th e  co rnea  has h e a le d  so w e ll  in  th e  
s h o r t  tim e o f  40 h o u rs  t h a t  th e r e  i s  l i t t l e  s ig n  o f 
th e  o p e ra tio n  which had been perform ed o n ly  a sh o r t 
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The In flu e n c e  o f  A gporblc Aoid on H ealing  o f Muco^ 
p erio steum  o f Qura in  Guinea P ig a *
In tro d u c tio n
1 . O ra l A d m in is tra tio n  o f A soorbio Acid, 
Methods
R e su lts
D iscussion
2 . O ra l A d m in is tra tio n  o f  Orange J u ic e .  
Methods
R e su lts
6 9 .
The Influence of Aaeorble Aeld on Healing of Mueo^periosteum 
of GKim.
In tro d u o tlo n .
The I n t e r o e l lu l e r  euhetanoes a ls o  r e g u la te d  by v itam in  
C in c lu d e  th o se  o f  d e n tin e , th e  m a tr ic e s  o f  bone and p o s s ib ly  
o f  th e  c a p i l l a r y  w a lls .  V itam in 0, th e re fo re ,  p lay s  a p a r t  
in  th e  n u t r i t io n  o f  th e  t e e th .
As e a r ly  as  1919 Z llv a  and W ells showed th a t  r a d ic a l  
changes occur in  th e  t e e th  o f so o rb u tio  an im als . F a i lu re  
o f o d o n to b la s ts  and o s te o b la s ts  to  form th e  co llagenous 
m a tr io e s  o f d e n tin e  and bone were symptoms o f severe  
d e f ic ie n c y . In  th e  co n tin u o u sly  growing in c i s o r s  and m olars 
o f th e  guinea p ig , th e  p e r io d o n ta l  t i s s u e s  a re  re p la c e d  
r a p id ly ,  so th a t  th e  s c o rb u tic  e f f e c t s  a re  u s u a l ly  n o t so 
o u ts ta n d in g  as  in  man. However th e  g ro s s , X -ray and h i s ­
to lo g ic  v a r ia t io n s  in  th e  p e r io d o n ta l  t i s s u e s  o f  the  guinea 
p ig  m ain ta in ed  on d ie t s  d e f ic ie n t  in  A scorb ic  Acid a re  
pathognomonic o f scu rvy  and rep roduce  th e  d ia g n o s tic  f e a tu re s  
re co g n ised  a s  c h a r a c t e r i s t i c  of human d i f fu s e  a tro p h y  pyorrtiea , 
(B oyle , Bessey and Wolbach, 1937) .
The in c i s o r  te e th  o f a gu inea  p ig  a re  a  more d e l ic a te  
c r i t e r i o n  o f th e  p re sen ce  o f scurvy  than bones. W ithin 4 
to  3 days th e  o d o n to b la s ts  may be seen to  sh o rte n  and become 
se p a ra te d  from th e  d e n tin e  by a f a i n t l y  s ta in in g  f l u id  zone 
-  Eddy and D a lld o rf  ( l 94l)*  F ish  and H a rr is  ( 1935) a ls o
7 0 .
found In  th e  t e e th  o f sc o rb u tlo  eruinea p lg e , enamel d e fe c ts  
which they  b e lie v e d  to  be r e la te d  to  c a r l e s .  Boyle ( 19) 8) 
has d e sc rib e d  th e  e f f e c t s  o f scurvy  on th e  a lv e o la r  bone in  
f^ in e a  p ig s  and s t a t e s  th a t  v itam in  0 d e f ic ie n c y  i s  th e  only  
n u t r i t i o n a l  d is e a s e , in  h is  ex p e rien ce , which produces th e  
c h a r a c t e r i s t i c  f e a tu r e s  o f  system ic psrorrhea. A fte r  
s e v e ra l  months o f a p a r t i a l  v itam in  C d e f ic ie n t  d ie t  th e  
an im als showed p e r io d o n ta l  weakness and many te e th  became 
d is p la c e d . However s e t l e f a c to r y  evidence o f th e  r e l a t i o n  
between A soorbic Acid d e f ic ie n c y  and d e n ta l  c a r ie s  has s t i l l  
n o t been e s ta b l is h e d . -  W estin ( 1925) ;  G randi eon, S to t t  
and Cruiokshank (I9 4 2 ) .
A troph ic  changes In  the  enamel ep ith e liu m  appear 
c o n s id e ra b ly  l a t e r  than  do changes In  th e  o d o n to b la s ts  -  
Boyle (1938). The lack  o f c o l la g e n - f ib re  fo rm ation  in  the  
p e r io d o n ta l  membrane weakens t h a t  s t r u c tu r e  on th e  l in g u a l  
s u rfa c e  of th e  to o th  and le a d s  to  f a i l u r e  o f i n c i s a l  s t r e s s e s ,  
GO th a t  in ju r y  to  th e  enamel ep ith e liu m  on the  l a b i a l  su rfa c e  
r e s u l t s .  P ish  and H a rr is  ( 1935) b e lie v e  th a t  th e  a tro p h y  
o f th e  enamel ep ith e liu m  i s  caused d i r e c t l y  by v itam in  0 
d e f ic ie n c y .
The im portance o f v itam in  C in  th e  tre a tm e n t of 
g i n g i v i t i s  has been re p o rte d  by many w ith  fa v o u rab le  r e s u l t s  
-  Campbell and Cook (I9 4 1 ); R off and G lazebrook ( I9 4 0 ) ;
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Kent (1943); S tu h l ( 1943) .  The nee o f vit&mln C In  
g i n g i v i t i s  i s  based on th e  aemnmption th a t  t h i s  p ro cess  
i s  e i t h e r  due to  a sc o rb u tic  co n d itio n  o r  th a t  i t  i s  
im proved by th e  a d m in is tra t io n  o f  e x tra  a s c o rb ic  a c id . 
Numerous in v e s t ig a to r s  have a lso  combined v itam in  C th e ra p y  
w ith d e n ta l  hygiene and d e n ta l  p rocedures and have reasoned  
th a t  such a form o f tre a tm e n t gave s a t i s f a c to r y  r e s u l t s .
Campbell and Cook ( 1942) observed  in  p a t ie n ts  a t  a 
c l i n i c  th a t  th e  o r a l  a d m in is tra t io n  o f v itam in  C b e fo re  and 
a f t e r  d e n ta l  e x t r a c t io n s  p lay s  an Im portan t r o l e  in  th e  
h e a lin g  o f wounded gum t i s s u e  and th e  a b so rp tio n  o f th e  
a lv e o la r  bone raarg ines. In  a d d it io n , th ey  observed  l e s s  
p o s to p e ra tiv e  p a in  and b le e d in g . T his o b se rv a tio n  has no t 
been f u r th e r  in v e s t ig a te d ,  a p a r t  from th e  c l i n i c ,  and i t  was 
w ith  th e  in te n t io n  o f  s tudy ing  th e  p ro cess  o f  h e a lin g  o f gum 
t i s s u e  th a t  th e  fo llo w in g  work was i n i t i a t e d .
I t  i s  q u i t e  o b v i o u s  f ro m  t h e  a b o v e  d i s c u s s i o n  t h a t  
v i t a m i n  0 i s  e s s e n t i a l  i n  t h e  d e v e lo p m e n t  o f  t h e  t o o t h ,  b u t  
l i t t l e  o r  n o  m e n t i o n  i s  m ade o f  i t s  e f f e c t  o n  p e r i o s t e u m .
The su rfa c e  e p ith e liu m  of th e  m uco-periosteum  i s  ty p ic a l ly  
s t r a t i f i e d  and squamous w ith  a covering  k e ra ti# n o u s  la y e r  
w hich i s  e s s e n t i a l ly  s im ila r  to  th e  ep ith e liu m  p re v io u s ly  
s tu d ie d . The a c tu a l  wound made in  th e  experim ent in ju r e s  
more than  th e  su rfa c e  ep ith e liu m  as  no s a t i s f a c to r y  method 
i s  a v a ila b le  by which on ly  t h i s  la y e r  can be removed.
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H o w ev er , a s  I t  w as t h e  e f f e c t  o f  a a o o r b l c  a c i d  o n  w ounded
gum t i s s u e , M i i c h  wr.s t o  b e  s t u d i e d ,  t h i e  m e th o d  p r o v e d  t o  
b e  m o s t  u s e f u l .
1 .  ORAL ADMIHXaXHATION 
M e th o d s .
T he g u i n e a  p i g s  w e r e  p l a c e d  o n  t h e  u s u a l  d i e t  o f  m t  c u b e s  
a n d  w a t e r ,  s u p p l e m e n te d  w i t h  t h e  r e s p e c t i v e  d o s e s  o f  
a s c o r b i c  a c i d .  T h i r t y  P r i n o i p a l s  a n d  C o n t r o l s  w e re  k e p t  
on  t h e  d i e t  f o r  t h r e e  w eek s  b e f o r e  t h e  o p e r a t i o n .
The f o l l o w i n g  m e th o d  w as d e v i s e d  f o r  m alcing e x p e r i m e n t a l  
w ounds i n  t h e  gum. The two m o s t  s u i t a b l e  s i t e s  I n  t h e  m o u th  
c h o s e n  f o r  w o u n d in g  w e re  t h e  d i a s t e m a  o f  t h e  u p p e r  j a w  a n d  
t h e  f r o n t  o f  t h e  l o w e r  ja w ,  a s  t h e y  e n a b l e d  o n e  t o  o b s e r v e  
t h e  h e a l i n g  p r o c e s s  q u i t e  e a s i l y .  A s p e c i a l l y  made t r e p h i n e  
f o r  a  d e n t a l  e n g i n e  w as u s e d  to . c u t  a  s m a l l  c y l i n d e r  f r o m  t h e  
rauco—p e r i o s t e u m  o f  t h e  gum r i g h t  down t o  t h e  b o n e .  T he s i z e  
o f  t h e  wound h a d  p e r f o r c e  t o  b e  s m a l l  b e i n g  3 mm. i n  d i a m e t e r .  
F o r c e p s  w e re  u s e d  t o  p l u c k  o u t  t h e  c y l i n d e r  o f  m u c o ^ p o r io s te u m .  
O n ly  s l i g h t  b l e e d i n g  o c c u r r e d  a t  t h e  o p e r a t i o n  a n d  s e p s i s  w as 
o b s e r v e d  i n  n o n e  o f  t h e  w o u n d s .
R e s u l t s .
T h i s  w ound, i n  c o n t r a s t  t o  t h e  c o m e a l  i n j u r y ,  re m o v e d  n o t  
o n l y  t h e  l a y e r s  o f  s t r a t i f i e d  e p i t h e l i u m  b u t  a l s o  t l i e  sub m u co u s  
t i s s u e  o f  t h e  m u c o - p e r i o s t e u r a  -  i n  f a c t  i t  w as v e r y  s i m i l a r
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to  th e  sk in  wound. A most unexpected r e s u l t  was o b ta in ed , 
however, which i s  d i f f i c u l t  to  e x p la in . The r a t e  o f  h e a lin g  
o f euch gum wounds was s im ila r  in  th e  C o n tro ls  and P r in c ip a ls ,  
th e  average p e r io d  f o r  com plete e p i t h e l l a l l s a t i o n  b e in g  6 
days. No s t a t i s t i c a l  s ig n if ic a n c e  was found, a s  i s  seen 
from Table 11.
D iscu ss io n . These n e g a tiv e  r e s u l t s  from gum wounds a re  
d i f f i c u l t  to  e x p la in . New fo rm ation  o f  c o lla g e n  should 
have p layed  a p a r t  in  t h e i r  r e p a i r .  A lthough th e  ep ith e liu m  
may have grown a c ro s s  in  s p i te  o f d e fe c t iv e  co llag en  fo rm atio n  
i t  d id  n o t appear to  be so, a s  th e re  was no tendency o f th e  
wounds to  break  open a f t e r  h e a lin g  had taken  p la c e . I t  
was most s u rp r is in g  a t  tim es to  f in d  th e  P r in c ip a ls  h e a lin g  
s l i g h t l y  q u ick e r and b e t t e r  than  th e  C o n tro ls .
One p o s s ib le  e x p la n a tio n , which was fo llow ed  up (v id e  
i n f r a , )  comes from r e p o r ts  by Todhunter and co-w orkers 
(1940) nnd Scarborough (1938, 1939> 1940) who observed  th a t  
e x t r a c t s  from orange ju ic e  produced b e t t e r  e f f e c t s  in  
m aintenance o f c a p i l l a r y  r e s i s ta n c e ,  in  man and gu inea p ig , 
than  pure  s y n th e t ic  v itam in  0 . At th e  moment evidence f o r  
th e  c l i n i c a l  v a lu e  o f  v itam in  P in  th e  absence of a d e f ic ie n c y  
o f th e  v itam in  i s  sc a n ty , b u t i t  seemed most d e s ira b le  to  
f in d  o u t i f  th e  cause o f th e  n e g a tiv e  r e s u l t s  i n  th e  h e a lin g  
o f th e  gum wound# was due to  th e  absence o f  a n o th e r  d ie ta r y
TABLE 11
E ffe c t  of o r a l  a d m in is tr a t io n  o f A scorbic a c id  on h e a lin g  
o f  M uco-periosteum  o f th e  gum.
C o n tro ls :-  S tandard  d i e t ,  5 A scorbic a c id  d a i ly  by
mouth in  s o lu t io n . 15 an im als w ith  two
wounds in  upper Jaw -  50 wounds which h ea led  
in  6 .2  days.
P r i n c ip a l s : -  S tan d ard  d i e t ,  i  mg. A scorb ic a c id  by mouth
on a l t e r n a t e  days. 15 an im als  w ith  two 
wounds in  upper Jaw -  JO  wounds which h e a le d  
in  6 days.
No. o f  
%/ounds
Mean P erio d  
re q u ire d
fo r  h e a lin g
D iffe ren c e
between
C o n tro ls
and
P r in c ip a ls
DAYSDays
* S.R, 
o f  mean
30 C 6 .2 * 0 .32
0 .2





The d if fe re n c e  between th e  two groupe i s  n o t s t a t i s t i c a l l y  
s ig n i f i c a n t .
7 4 .
f a c to r .
2. ORAL ADMIHIBTRATIOK OF OAANOE JUICE.
M ethods.
Ten C o n tro ls  and 10 P r in c ip a ls  were Riven th e  u su a l 
d i e t  o f  r a t  cubes and w a te r. The P r in o ip a ls  re c e iv e d  th e  
custom ary dose o f  ^  mgm. o f a s c o rb ic  ao id  on a l t e r n a te  days. 
The C o n tro ls  t h i s  tim e were g iven c o n c e n tra te d  orange ju ic e ,  
th e  dose c o n ta in in g  th e  e q u iv a le n t amount o f  a sc o rb ic  ao id  
a s  b e fo re  -  5 mgm. every  day. The an im als were k ep t on th i s  
d i e t  f o r  th e  u su a l th re e  weeks b e fo re  wounding. Two wounds 
were made in  th e  upper jaw in  each anim al a s  in  th e  p rev io u s  
experim ent (v id e  supra) w ith  th e  d e n ta l t re p h in e .
R e s u l t s .
No change in  th e  o rev lo u s  r e s u l t s  was observed . Once 
more th e  wounds h ea le d  in  an average o f fo u r  to  f iv e  days, 
th e  C o n tro ls  aga in  ta k in g  s l i g h t ly  lo n g e r than  th e  P r in o ip a ls  
b u t w ith  no s ig n i f i c a n t  d if fe re n c e  -  Table 12. I t  apnears 
th e r e fo re  th a t  th e  pure s y n th e tic  a sc o rb ic  ao id  i s  j u s t  as  
e f f i c i e n t  in  th e  h e a lin g  p rocess  as th e  orange ju ic e  and th a t  
th e  p resence  o f a n o th e r  f a c to r ,  such as v itam in  P, p lay s  no 
p a r t  i n  th e  ex p la n a tio n  o f th e  C ontrols*  s l i g h t  r e ta r d a t io n .
This r e s u l t  seems to  confirm  th a t  a lth o u g h  v itam in  C i s  
o f g r e a t  im portance in  th e  m aintenance o f th e  te e th ,  i t  p lay s  
an i n s ig n i f ic a n t  p a r t  in  th e  r e p a i r  o f wounded gum t i s s u e .
TABLE 12
E ffe c t  o f  o r a l  a d m ln te tra tio n  o f A soorbic a c id  on h e a lin g  
o f M uco-pericfiteura.
C o n tro l :-  S tandard  d i e t ,  w ith  orange Ju ic e  d a i ly .  10
an im ale , w ith  two wounds in  th e  upper Jaw -  20 
wounds. Wounde h ea le d  in  5*2 days.
P r in c ip a l* -  S tandard  d ie t ,  w ith  i  mg. A scorb ic a c id  on
a l t e r n a t e  days. 10 an im als , w ith  two wounds 
in  th e  upper jaw -  20 wounde which h ea led  in
4 .3  days.
No. o f  
v.ounds
Mean P erio d  
re q u ire d  
f o r  h e a lin g
D iffe ren c e
between
C o n tro ls
and
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The d if fe re n c e  in  h e a lin g  tim es between C o n tro ls  and 









THE INFLUENCE OF PANTOTHENIC ACID ON HEALING OF SKIN
WOUNDS IK RATS.
( a ) P a n to y l- ta u r in e  D ie t 
In tro d u c tio n  
Method 
R esu lt
(B) S y n th e tic  D ie t
In tro d u c tio n
Method (a )  E f fe c t  o f a  Com pletely P an to th en ic  
a e ld  D e f ic ie n t D iet
R esu lt
Method (b) E f fe c t  o f a  P a r t i a l l y  P an to th en ic  
a d d  D e f ic ie n t  D iet
R esu lt
(C) The In f lu e n c e  o f  P an to th en ic  a c id  (B epanthen-S albe) 




The In f lu e n c e  o f  P an to th en lo  A cid on H ealing  o f  Skin Wound# 
in  R a ts , 
a) P an to y l" .tau rin e  D ie t ,
In t ro d u c tio n . S ince P an to th en ic  Acid i e  p re se n t  in  a  la rg e  
m a jo r ity  of fo o d s tu f f s ,  i t  i s  more d i f f i c u l t  to  o b ta in  a d ie t  
f r e e  o f th e  v itam in  than  in  th e  A scorbic Acid experim en ts .
The uBual method i s  to  p rep a re  a s y n th e t ic  d i e t  which i s  
ad eq u a te  in  a l l  r e s p e c ts  a p a r t  from th e  su b stan ce  in  q u e s tio n . 
T h is, however, i s  r a th e r  a  tim e-consum ing jo b  and an a ttem p t 
was made a t  f i r s t  to  produce a d e f ic ie n t  d i e t  by the  use  o f 
a compound -  P & n to y l-tau rin e  -  which was known to  i n h i b i t  
grow th o f b a c te r ia  need ing  p a n to th e n a te .
S n e ll  (1943) s ta te d  th a t  P a n to y l- ta u r in e ,  the  p h y s io lo ­
g ic a l ly  in a c t iv e  su lphon io  a c id  d e r iv a t iv e  o f P an to th en ic  
A cid, in t e r f e r e s  w ith  th e  m etabolism  o f P an to th en ic  A cid, by 
l a c t i c  a c id  b a c te r ia  and y e a s t , a p p a re n tly  by b lo ck in g  th e  
e s s e n t i a l  P a n to th en ic  Acid away from i t s  s i t e  o f  a c t io n .
This i s  a form o f growth in h ib i t io n  In  which th e  e f f e c t  o f 
one component may be n u l l i f i e d  by th e  a d d i t io n  o f a s u f f i c ie n t  
q u a n ti ty  o f a n o th e r , each compound b e ing  c lo s e ly  r e la te d .  
B a rn e tt  and Robinson (1942) in  t h e i r  in v e s t ig a t io n  on th e  
b io lo g ic a l  a c t i v i t y  o f  P an to th en ic  Acid ana logues found th a t  
th e  degree o f  I n h ib i t io n  by P a n to y l- ta u r in e  depends on th e
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amount o f ao id  p re s e n t  and i s  re v e rse d  in  a r e g u la r  manner by 
a d d i t io n  o f th e  a c id .  McHwain and Hawking (1943  ^ found 
th a t ,  a lth o u g h  P a n to y l- ta u r in e  was ra p id ly  e x c re te d  by r a t s ,  
th e  r a t i o  o f  P a n to y l- ta u r in e  : P an to th en a te  c o n c e n tra tio n s  
in  t h e i r  b lood  cou ld  be k e p t above th e  range o f in  v i t r o  
a c tio n  fo r  most o f  th e  day by fre q u e n t subsutaneous d o ses , to  
which th e re  was no in to le ra n c e .
S n e ll (1943) su b seq u en tly  claim ed th a t  r a t s  fed  w ith  a 
c e r ta in  amount o f  P a n to y l- ta u r in e  soon showed s ig n s  o f 
P an to th en ic  Acid d e f ic ie n c y . He d isc o v e re d , however, t h a t  
P a n to y l- ta u r in e  i s  r e l a t i v e l y  in a c t iv e  on s in g le  o ra l  o r  
in t r a p e r i to n e a l  a d m in is tr a t io n  to  r a t s  o r  m ice, no e f f e c t s  
being  no ted  from doses as h ig h  as  two g m ./k ilo  o f  body w eight. 
N ev e rth e le ss  a f t e r  th re e  to  fo u r  weeks on d a i ly  o ra l  admin­
i s t r a t i o n  o f P a n to y l- ta u r in e  a t  a  dose le v e l  o f  200 g m ./k ilo  
o f body w eigh t, growth in  s tan d a rd  s t r a in s  o f  mice ceased , 
h a i r  ro u ^ e n e d  and p o rp h y rin  d e p o s its  appeared  on w h isk ers . 
P u rin a  dog chow was th e  d ie t  used  which, in  th e  absence o f 
P a n to y l- ta u r in e ,  co n ta in ed  adequate  P an to th en ic  a c id  f o r  the  
m ice.
Method. A p i l o t  experim ent was c a r r ie d  o u t u s in g  two r a t s .  
C on tro l and P r in c ip a l ,  th e  w eight o f  each a t  th e  beg in n in g  
be ing  195 Dog chow b e in g  u n o b ta in ab le  a t  p re se n t , a
s p e c ia l  brand o f dog food was used  fo r  th e  b a s a l  d i e t .
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A ccording to  S n e l l ’ s e s tim a tio n , th e  amount o f P an to y l-  
ta u r in e  re q u ire d  p e r  k i lo  o f body w eight i s  200 gm. Thus, 
s in c e  the  w eight o f  th e  r a t  a t  th e  b eg in n in g  o f th e  
experim ent was 195 gm., 39 gm. were g iven  to  th e  P r in c ip a l  
each day. This dose was f r e s h ly  d is so lv e d  In w ater each 
day and ad m in is te red  by p ip e t t e  every 24 h o u rs  f o r  one month 
to  th e  P r in c ip a l .  The C on tro l on ly  re c e iv e d  th e  b a s a l  d i e t .  
R e s u lt . No e x te rn a l  symptoms o f  P an to th en lo  a c id  d e f ic ie n c y  
were observed  In  th e  P r in c ip a l  a t  th e  end of th e  p e r io d  and 
th e re  was a s tead y  r i s e  In  w eigh t and grow th. The lo s s  o f  
w eigh t a t  f i r s t  may be a t t r i b u t e d  to  th e  change o f food and 
I t  was s e v e ra l  days b e fo re  th e  r a t s  became accustom ed to  th e  
dog food . The C o n tro l ra t*  s p ro g re ss  was norm al and F igu re  
18 shows th e  s im i l a r i ty  In  w eigh t cu rv es . I t  th u s  ap p ears  
th a t  d a l ly  a d m in is tra t io n  of P a n to y l- ta u r in e  to  r a t s ,  
re c e iv in g  P an to th en ic  a c id  In  th e  d i e t ,  does n o t in f lu e n c e  
s ig n i f i c a n t ly  th e  grow th of th e  an im als , and I t  was th u s  found 
n e c e ssa ry  to  In tro d u c e  a  s y n th e t ic  d i e t .
B) S y n th e tic  D ie t .
In t ro d u c tio n . S ev e ra l s y n th e t ic  d ie t s  have been d e sc rib e d  
f o r  such experim en ts -  Woolley (I9 4 1 ); Unna and R ichards 
(1942)» W alnwrlght and Nelson (1945) b u t th e  s im p le s t and 
most e f f e c t iv e  d i e t  I s  th e  one used  a t  th e  L i s t e r  I n s t i t u t e  -  
Bacon and Je n k in s  ( 1943) -  and t h i s ,  a f t e r  s e v e ra l  u n su c c e ss fu l 
p i l o t  experim ents w ith  o th e r  d i e t s ,  was u sed  h e re . Two
ÏW :
;■  V  ‘ 
t" '
F igu re  18
F ig u re  18 -  Graph showing th e  w eigh t ourwes o f
C o n tro l r a t ,  reo e iw in g  b a sa l d i e t  o n ly , and P r in c ip a l  
w ith  39 g®* P a n to y l- ta u r in e  added to  d i e t  d a i ly .  
Dog food  was used  f o r  th e  b a s a l  d i e t .  S l ig h t  
d e c re a se  a t  f i r s t  in  w eigh ts o f  b o th  an im als  p robab ly  
due to  ad ju s tm en t to  d i e t  a s  th e  graph shows a s tead y  
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80.
s o l u t i o n s  o f  m ix e d  v i t a m i n s  a r e  g i v e n  i n  a d d i t i o n  t o  t h e  
b a s a l  d i e t  o f  S u c r o s e ,  C a s e in  ( v i t a m i n - f r e e , )  A r a o h i s  o i l ,  
S a l t s  a n d  L a r d .
S o l u t i o n  A c o n s i s t s  o f  
JO y ag . A n e u r i n  (
30  u g . P y r i d o x i n e  ( i n  2 0 . 0 .  s o l u t i o n  d a i l y  p e r
( r a t .
5 0  u g .  R i b o f l a v i n  (
S o l u t i o n ^  c o n s i s t s  o f  
30  mg. C h o l i n e  .
10  mg. R i c o t i n i e  A c i d  
10 mg. I n o s i t o l
P e r  0 . 0 .  s o l u t i o n  o f  
w h io h  2 d r o p s  g i v e n  
d a i l y  p e r  r a t .
2 d r o p s  o f  Cod L i v e r  O i l  ( V i t a m i n s  A a n d  D) g i v e n  
d a i l y  p e r  r a t .
M e th o d . a )  E f f e c t  o f  a  c o m p l e t e l y  P a n t o t h e n i c  A c id  
d e f i c i e n t  d i e t  o n  h e a l i n g  o f  s k i n  w o u n d s .
T he  u s u a l  p r o c e d u r e  i n  a n  i n v e s t i g a t i o n  o n  P a n t o t h e n i c  A c id  
d e f i c i e n c y  i s  t o  p l a c e  t h e  r a t s  o n  e x p e r i m e n t a l  d i e t s  f r o m  
t h e  d a y  o f  w e a n i n g ,  d a y  2 1 . C o n s e q u e n t l y  10 P r i n c i p a l s  
a n d  10  C o n t r o l s  w e r e  u s e d  f o r  t h i s  e x p e r i m e n t  a t  t h r e e  w e ek s  
o f  a g e .  E ac h  r a t  r e c e i v e d  6 gm. o f  t h e  b a s a l  d i e t ,  t o  w h io h  
w e r e  a d d e d  S o l u t i o n s  A a n d  B a n d  Cod L i v e r  O i l .  T he  C o n t r o l s  
i n  a d d i t i o n  w e r e  g i v e n  2Ç p g  P a n t o t h e n i c  A c id  d a i l y  i n  ^  c . c .  
w a t e r  w h i l e  t h e  P r i n c i p a l s  r e c e i v e d  n o n e .  The a n i m a l s  w e re
61.
fed th is  d ie t fo r  four weeks before the operation . Wounds 
were made on both th ighs in  the usual manner and l e f t  untouched. 
R esu lt. A ll animale were weighed twice per week and i t  was 
not long before the P rin c ip a ls  began to show signs of re tarded  
growth and w e l^ t  s te a d ily  diminished -  Pig. 19* A fter 
approximately th ree  weeks on th is  d ie t , the c h a ra c te r is tic  
symptoms of the defic iency  gradually  appeared in  the P rin c ip a ls . 
One of the mcctt no ticeab le  signs was alopecia which developed 
across the shoulder b lades and down both sides co n tra s t 
Control and P rin c ip a l Pigs. 20 and 21.
Achromotrichia was more d i f f i c u l t  to  observe as the r a ts  
were of the p iebald  s tra in , but in c e rta in  eases greying of 
the black patches of h a ir  was qu ite  s tr ik in g . Porphyrin 
deposits  were frequen tly  perceived on the nose and Whiskers 
and, as the defic iency  became more severe, the eyes became 
a ffec ted  and were o ften  unable to open. The most acute 
symptoms appeared a f te r  45 days on the d ie t  and a t  th is  stage 
many of the P rin c ip a ls  died.
The re s u l t  of the thigh wounds was more or le ss  to be 
expected considering the s ta te  of hea lth  of the P rin c ip a ls .
The Controls healed in  approximately 12 Days, while the 
P rin c ip a ls  a t  th is  stage showed no signs of re p a ir .
Haemorrhages were not so noticeable as was found in  Ascorbic 
Acid defic iency , but scab formation took place slowly and the
iriRur» 19
Flgur# 19 •  graph Éhowlng th# weight ourvee o f
Control r a t ,  ro o a lr ln g  25 ag* Pantothonie ao ld  d a ily ,  
and P rln o lp a l r a t ,  w ith  no Pantothonio ao id  in  the  
d iet*  Eaoh r a t  reoeived  6 gm. aynthetio  d ie t  d a ily .  
The Control r a t  showed a normal growth ourve w ith  a 
steady in orease  in  w eight. On th e  other hand, the  
P rin o ip a l* s  w eight inoreased  fo r  a short tim e, lL 
approxim ately two weeks, hut th e r e a fte r  dim inished  
ra p id ly .
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F igu ra  20 and 21
F igure  20 ahows a  p le tu r a  o f  a  C o n tro l r a t  r e o e i r ln g  g
s u f f i c i e n t  P an to th e n ic  a c id  i n  i t s  d i e t  -  25 ug . I t  
i s  th e  norm al s iz e  o f  a r a t  o f app rox im ate ly  s ix  weeks 
o ld  and i t s  Éikln and f u r  a re  p e r f e c t ly  h e a lth y .
F ig u re  21 shows a  p ic tu r e  o f  a  P r in c ip a l  r a t  on a 
com p le te ly  P an to th en lo  a c id  d e f ic ie n t  d i e t .  This 
p re s e n ts  a  s t a r t l i n g  c o n tr a s t  to  th e  above p ic tu r e  
o f  th e  C on tro l r a t .  The an im al i s  very  much sm a lle r
i s  s iz e  and w eigh t. The h a i r  a c ro s s  sh o u ld e r b lad es
and down th e  s id e s  i s  scan ty  and th e  b la c k  p a tc h e s  a r e  
b eg in n in g  to  tu rn  g re y . The r a t  in  t h i s  p ic tu r e  i s
u nder e th e r  a n a e s th e s ia  -  th e  reaso n  f o r  i t s  eyes 
b e in g  c lo se d  b u t in  a c tu a l  f a c t  th e  e y e l id s  have 
become s l i g h t l y  a f f e c te d  and th e  anim al has some 




wounds did not d im inish  in  s iz e  fo r  some tim e. U nfortunately, 
the d e f ic ie n t  d ie t  proved to be too severe and the P r in c ip a ls  
s ta r ted  to  d ie  before complete h ea lin g  had taken p la ce . I t  
was q u ite  obvious, however, th a t a com pletely d e f ic ie n t  d ie t  
had a most ser io u s  d elaying  e f f e c t  on h ea lin g  o f akin wounds, 
although the a c tu a l h ea lin g  time to complete h ea lin g  could  
not be recorded due to  the animals not su rv iv in g .
Method. b) E ffe c t  o f  a p a r t ia l ly  Pantothenic Acid
D efic ien t d ie t  on h ea lin g  o f  skin wounds.
With the knowledge th at an a b so lu te ly  d e f ic ie n t  d ie t  
can retard  h ea lin g  so extrem ely, i t  seemed d esira b le  to  
f in d  out i f  a p a r t ia l ly  d e f ic ie n t  d ie t  could be introduced  
in  the r a t ,  so th a t i t  would l i v e  long enough fo r  the h ea lin g  
p rocess to be observed to  the end p o in t and to d iscover i f  
there was a s im ila r  retard ation  as in  the previous experim ent.
To f in d  o u t th e  c o r r e c t  suboptim al dose f o r  t h i s  p a r t i a l  
d e f ic ie n t  s t a t e ,  i t  was n e c e ssa ry  a t  f i r s t  to  feed  th e  
P r in c ip a ls  v a ry in g  doses from 2.5 pg. -  12 pg . o f  calc ium  
p a n to th e n a te  d a i ly .  Only th e  an im als r e c e iv in g  12 ug. 
ca lc ium  p a n to th e n a te  d a i ly  su rv iv ed , th e  low er doses ag a in  
ca u s in g  d ea th  a f t e r  s e v e ra l  weeks on th e  d i e t .  Thus, in  
t h i s  experim en t, 10 P r in c ip a ls  were fed  12 pg. p a n to th e n a te  
d a i ly  along  w ith  th e  s y n th e t ic  d ie t  and th e  C o n tro ls  re c e iv e d  
th e  same dose o f 25 pg. a i  b e fo re . The an im als were k e p t
8 ? .
on t h i s  d i e t  f o r  two weeks b e fo re  th e  o p e ra t io n , In  which 
b o th  t h l f ^ s  o f  C o n tro ls  and P r in c ip a ls  were wounded In  th e  
u s u a l way.
R e s u l t . The w eig h ts  o f  C o n tro ls  and P r in c ip a ls  were 
re c o rd e d  on a l t e r n a t e  days and *as can be seen from F ig . 22 
th e  P r in c ip a ls  in c re a s e d  f o r  a  c e r ta in  p e r io d  and then  
rem ained s ta t io n a r y .  There was no d r a s t i c  te rm in a l f a l l  o f  
w eliJit fo llow ed by d e a th , a s  n o ted  in  th e  com ple te ly  d e f ic ie n t  
experim en t, b u t grow th was d e f in i t e l y  r e ta rd e d .  No e x te rn a l  
symptoms o f  d e f ic ie n c y  were observed , such a s  a lo p e c ia , 
p o rp h y rin  d e p o s its  e t c . ,  and th e  on ly  s ign  o f a  d e f ic ie n t  
s t a t e  was th e  i n f e r i o r  growth re sp o n se  in  th e  P r in c ip a ls .
There was n o t th e  s t r i k i n g  d if fe re n c e  in  th e  h e a lin g  
tim es o f  P M n c ip a ls  and C o n tro ls  a s  p re v io u s ly  found in  th e  
l a s t  experim ent, b u t i t  was q u i te  ev id e n t th a t  th e  P r in c ip a ls  
once Again showed a d e lay  in  h e a lin g . In  an average o f 12 
days a l l  wounds o f  C o n tro ls  had h ea led  w h ile  th e  P r in c ip a ls  
averaged  l6  days. T his d if f e re n c e  in  th e  h e a lin g  p e r io d  was 
proved to  be s i g n i f i c a n t .  ^  Table 1 ) .
T his r e s u l t  undoubted ly  confirm s th e  f a c t  t t ia t  even 
p a r t i a l  P a n to th e n ic  Acid d e f ic ie n c y  b ea rs  an im p o rtan t 
r e la t io n s h ip  to  in d o le n t  h e a lin g . I f  t h i s  v itam in  i s  so 
n e c e ssa ry  to  th e  l i v in g  c e l l  i t  may be t r u e  th a t  excess o f  
i t  w i l l  be a b le  to  s t im u la te  grow th and r e p a i r ,  and w ith  
t h i s  view in  mind th e  fo llo w in g  p i l o t  experim ent has been
F igu re  22
. j.rf- •
FI m ire 22 -  Graph showing th e  w eigh t c u r re e  o f  a
f t
C o n tro l, r e c e iv in g  25 ug# P an to th en lo  ao ld  d a l ly  In  
a d d it io n  to  th e  b a s a l  d i e t ,  and a  P r in c ip a l  r a t ,  
r e c e iv in g  12 ug# P an to th en lo  a o ld  d a l ly  th u s  k eep ing  
th e  anim al on a  p a r t i a l l y  d e f ic ie n t  d ie t#  The C o n tro l 
a s  u s u a l showed a s te a d y  In c re a se  in  w eight w h ile  th e  
P r ln o lp a l  showed, a  g rad u a l r i s e  f o r  a few days and then  
rem ained s ta t io n a r y .  The P r in c ip a l ’ s w eigh t rem ained 
l i k e  t h i s  u n t i l  th e  end o f th e  experim en t, no te rm in a l 
f a l l  o f  w eigh t b e in g  observed a s  was found in  th e
-  V ^ .J.
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TABLE 1 3.
E ffe o t  o f a p a r t i a l l y  d e f i c i e n t  P an to th en ic  ao ld  d i e t  on 
h e a l in g  o f  akin  wounde.
C o n t r o l : -  S tandard  s y n th e t i c  d i e t ,  w ith  25 fig. P an to then lo  
a c id  d a i l y .  10 r a t a  w ith  b i l a t e r a l  th ig h  wound#
-  20 wounds which h ea led  i n  12 days.
P r i n c i p a l : -  S tandard  s y n th e t i c  d i e t ,  w ith  12 fig. P an to th en ic  
a c id  d a i l y .  10 r a t s  w ith  b i l a t e r a l  th ig h  
wounds 20 wounds which h ea led  in  16 .15  days.
Wo. o f  
Wounds
Mean P erio d  
r e q u ir e d  
f o r  h e a l in g
D iffe re n c e
between
C on tro ls
and
P r in c ip a l s
DAYSDays
^ S . E* - 
o f  mean
20 C 12 i  0 .33
4*15
20 P 16.15 i  0 .565
0 * C on tro ls
P -  P r in c ip a l s
«  4 " 15
1.03Ji, * <
4 .03
T his  r e s u l t  i s  s t a t i s t i c a l l y  s i g n i f i c a n t  and proves t h a t  
P a r t i a l  P an to th en ic  ao ld  d e f ic ie n c y  b ea rs  an im p o rtan t 
r e l a t i o n s h i p  to  In d o le n t  h e a l in g .
8 4 .
c a r r i e d  o u t .
C) In f lu e n c e  o f  P an to th en ic  Aoid ( Bep&nthen-Salbe) o intm ent 
on h ea lin g  o f sk in  wounde.
Method.
Four r a t e  were used in  t h i s  experim ent, two C on tro ls  and two 
P r in o ip a lf l  and the  anim als were given the same d i e t  ae in  th e  
p re v io u s  experim ent i . e .  in  a d d i t io n  to  th e  b a s a l  d i e t  the  
C o n tro ls  re c e iv e d  25 pg* p an to th e n a te  d a l ly  and th e  P r in c ip a l s  
12 p g .  A f te r  th re e  weeks on t h i s  d i e t  th e  anim als were 
wounded in  bo th  th ig h s  as  b e fo re .  This tim e one C on tro l had 
bo th  wounds covered w ith  Bepanthen-Salbe w h ile  th e  o th e r  Control* 
wounds were l e f t  untouched. S im i la r ly  one P r in c ip a l  had th e  
o in tm en t p u t  on bo th  wounds and th e  o th e r  P r in c ip a l  l e f t  a lone . 
This fialbe was p u t  on the  wounds eaoh day u n t i l  complete 
e p i t h e l i a l l s a t io n  had taken  p la c e .
R e s u l t . The r e s u l t  o f t h i s  d i r e c t  a p p l ic a t io n  o f  P an to th en ic  
Acid to  sk in  wounds was most i n t e r e s t i n g .  Both an im als  which 
had th e  ointm ent a p p l ie d  to  t h e i r  wounds h ea led  in  a s h o r te r  
tim e than  th e  untouched r a t s .  There was n o t  a wide d i f f e re n c e  
between th e  groups bu t q u i te  im portan t e n o u ^  f o r  f u r t h e r  work 
to  be c a r r i e d  o u t.
C ontro l w ith  o i n t m e n t . . . .............................. 10 days to  h e a l .
C on tro l w ith  no o in tm en t.............................. 12 days to  h e a l .
P r in c ip a l  w ith  o in tm e n t................................ 13 days to  h e a l .
85.
P r in c ip a l  w ith  no o in tm e n t................................ 17 day# to  h e a l
No e t a t l a t l c a l  a n a ly s i s  can be worked o u t w ith  t h i s  
p i l o t  experiment b u t  even w ithou t t h i s  wortt I t  i s  q u i te  
obvious t h a t  th e  P r in c ip a l s  shows a  s i g n i f i c a n t  a c c e le r a t io n  
w hile  th e  C on tro ls  r e s u l t s  a r e  o f  g re a t  i n t e r e s t  w ith  re g a rd  
to  wound h e a l in g  in  th e  c l i n i c .
■ ■> • ■ 
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G E N E R A L  S U M M A R Y .
87.
1 , A b r i e f  h i s t o r i c a l  in t ro d u c t io n  i s  g iven . I t  d e a ls  w ith
th e  g e n e ra l  f e a tu r e s  o f  wound h e a l in g  in  which e p i t h e l i a l  
p a r t i c i p a t i o n  i s  th e  dominant f e a tu r e .  The in f lu e n c e s  
o f  such f a c to r s  as S iz e ,  Age and D iet on e p i t h e l i a l  
re g e n e ra t io n  a re  b r i e f l y  mentioned and, in  g e n e ra l ,  th e  
e f f e c t  o f  v itam in  d e f ic ie n c ie s .  The chem istry  and 
p h y s io lo g ic a l  im portance o f A scorb ic  Acid and o f 
P a n to th e n ic  a c id ,  w ith  s p e c ia l  re g a rd  to  wound h e a lin g , 
a re  d isc u sse d  in  f u l l e r  d e t a i l .  This woriï i s  c h ie f ly  
concerned w ith  th e  r o l e  of th e s e  two in  wound h e a l in g ,
2. In  S ec tio n  (A) th e  In f lu e n c e  o f  A scorb ic  a c id  on H ealing
o f  Skin Wounds in  Rats i s  d is c u s se d .  The im portance o f  
A scorbic ao id  in  h e a l in g  o f i n c i s e d  wounds has been w ell 
dem onstrated  by p re v io u s  w orkers, but t h e r e  a re  no 
re fe re n c e s  to  th e  e f f e c t  o f  A scorb ic  a c id  on e o i t h e l i a l  
wounds o f  l a r g e  s u p e r f i c i a l  a re a  in v o lv in g  l i t t l e  o r  no 
connective  t i s s u e .
B i l a t e r a l  sk in  wounds, in v o lv in g  only  ep iderm is 
and c u t i s  v e ra ,  were made on th e  th ig h s  o f r a t s ,
a) A scorb ic  ao id  was ad m in is te red  o r a l l y  to  a  C ontro l 
Group, w hile  a P r in c ip a l  group vas kep t on a d ie t  f r e e  
from A scorbic  a c id .  Since r a t s  a re  ab le  to  sy n th e s is e  
A scorb ic  a c id ,  th e  C on tro ls  were re c e iv in g  a "luxus" 
consumption. R e su l ts  showed t h a t  o r a l  a d m in is t r a t io n  
o f  excess A scorbic  ao id  does n o t  in f lu e n c e  th e  r a t e  o f  
h e a lin g  o f  sk in  wounds in  r a t s .
88.
b) Aaoorbio a e ld  powder ^a@ i^r)Xled d i r e c t l y  t o  sb ln  eoimds 
i n  t h e  P r ln o lp a l  group o f  ra te*  e h i l e  th e  C ontro l Croup had 
t h e i r  wounde l e f t  untouched. The d i e t  oone ie ted  o f  on ly  r a t -  
cake  nu te  and w ate r in  a l l  oaeee. H eeu lte  ehowed t h a t  t h e  
P r ln o ip a le  took   ^ days lo n g e r  to  h e a l  th a n  th e  C o n tro ls .
Ae even moderate a o id i ty  has a  d e f i n i t e  re ta r^  in g  e f f e o t  on 
wound healing* th e r e  seemed l i t t l e  doubt t h a t  t h i s  was th e  
ca u se  o f  th e  delay* as th e  pH o f  th e  Asoorbio a o ld  powder 
in e o lu t io n  was almost 4#
o) By u s in g  a  "buffered** s o lu t io n  o f  so o rb io  aoid* i t  was 
nhown t h a t  th e  p rev io us  d e lay in g  e f f e o t  was due t o  pH. Two 
0 .0 .  (100 m g . /o .o . )  sodium aso o rb a te  was mixed w ith  1Ô o .c .  
R in g er  g iv in g  a s o lu t io n  o f  pH approx im ate ly  6 .6  and s o lu te  
o o n c e n tra t io n  o f  1 p e r  c e n t .  No d i f f e re n o e  was found in  th e  
r a t e  o f  h e a l in g  b e t  we w  th e  s e r i e s  w ith  Asoorbio ao id  and th e  
group w ithout th e  ao id .  A s t ro n g e r  s o lu t io n  o f  sodium 
a s c o rb a te  was used  w ith  s im i l a r  r e s u l t s *  whioh p roved  oonc lua-  
i v e l y  t h a t  pH had been th e  cause o f  t h e  d e lay  in  th e  p re v io u s  
experim en t.
Thus excess  o r  "Luxus” Asoorbio ao id  in ta k e  has no 
e f f e o t  on t h e  h e a l in g  o f  akin  wounds in  r a t s  e i t h e r  when g iven  
by mouth o r  a p o l ie d  l o o a l l y .
3$8eoond wounds were i n f l i c t e d  a t  th e  same s i t e  as  th e  i n i t i a l  
wounds one month a f t e r  th e  l a t t e r  had h e a le d .  A s ig n i f i c a n t  
a c c e le r a t io n  was observed i n  th e  h e a l in g  tim e o f  th e  second 
wounds. O ther woxkers have s tu d ie d  t h i s  problem.
89.
They i n f l i c t e d  th e  second wounds d u ring  the  in te rm e d ia te  
s tag e  o f  h e a l in g  o f  the  i n i t i a l  wounds. The r a t e  o f  
h e a l in g  was a c c e le r a te d ,  due p o s s ib ly  to  th e  p resence  o f  
a "wound hormone". This "wound hormone" was s a id  to  be 
f u g i t i v e  and to  d is a p p e a r  r a p id l y  a f t e r  h e a l in g  o f  th e  
i n i t i a l  wound. I t  would appear from th e  p re se n t  work, 
however, t h a t  th e s e  hormones remain d u rin g  th e  e n t i r e  
p e r io d  o f  h e a l in g  and a r e  s t i l l  a c t i v e  some time a f t e r  
d isappearance  o f  th e  i n i t i a l  i n ju r y .
4. In  S ec tio n  ( B) th e  In f lu e n ce  o f  Ascorbic Acid on H ealing  
o f  Skin Wounds in  Guinea P ig s  i s  i n v e s t ig a te d .  B i l a t e r a l  
sk in  wounds were made on the t h i ^ s ,
a) O ral a d m in is t r a t io n  -  5 «R. given to  C on tro l group d a i ly  
and i  mg, to  P r in c ip a l s  on a l t e r n a t e  days. A s t r i k i n g  
d i f f e r e n c e  in  th e  appearance o f  wounds was observed. When 
the  C o n tro ls  h e a le d , in  16 days, the  P r in c ip a ls*  wounds 
were s t i l l  covered w ith  a  scab  and they d id  no t h ea l  u n t i l  
29 days a f t e r  th e  o p e ra t io n .  This r e s u l t  i s  q u i te  d i s t i n c t  
from th e  r a t  experim ent, and i t  may be deduced t h a t ,  when 
an a re a  o f  sk in  i s  removed in  an an im al, such a s  the  
guinea p ig ,  l i a b l e  to  s u f f e r  from A scorbic a c id  d e f ic ie n c y ,  
a d m in is t r a t io n  o f  A scorb ic  a c id  i s  in d ic a te d .
b) A s o lu t io n  o f  sodium a sc o rb a te  was d i r e c t l y  a p p l ie d  to  
th e  sk in  wounds in  two groups o f  gu inea p ig s  -  one group 
r e c e iv in g  5 mg. A scorb ic  a c id  d a i ly  by mouth and the  o th e r
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mg. on a l t e r n a t e  days by mouth. Two o th e r  groups, 
r e c e iv in g  the  same o r a l  doses, had t h e i r  wounds t r e a t e d  
w ith  R inger on ly . R esu lts  showed t h a t ,  in  th e  guinea 
p ig s  re c e iv in g  adequate  v itam in  0 by mouth, th e r e  was 
no d if fe re n o e  in  th e  r a t e  o f  h e a l in g .  In  the  o av ies  
on a minimum doee o f Asoorbio ao id  th e r e  was a d i f f e r e n t  
p i c t u r e .  In th e se  anim als a p p l ic a t io n  o f  sodium 
a s c o rb a te  d i r e c t l y  to  th e  wounds a o o e le ra te d  h e a l in g  by 
10 days. I t  may be deduced from th e s e  r e s u l t s  t h a t  
A scorb ic  ac id  in  excess appears to have a n e g l ig ib le  
e f f e c t  on the r a t e  o f  h e a l in g  of sk in  wounds bu t th e re  
i s  no doubt t h a t  d i r e c t  a p p l ic a t io n  o f  sodium a sc o rb a te  
to  a sk in  wound in  e v itam in  C d e f i c i e n t  anim al 
a c c e le r a te s  h e a l in g .
c) To determ ine whether th e  a c tio n  o f  A scorbic a c id  on 
th e  h e a l in g  p ro c ess  was lo c a l  o r  sys tem ic , ten  P r in c ip a ls  
were given ^ mg. Ascorbic ac id  o r a l l y  on a l t e r n a t e  days. 
Eaoh wound on th e  r l ^ t  th ig h  was p a in te d  d a i ly  w ith  th e  
•ascorb ic  a c id  s o lu t io n ,  and the  l e f t  wound p a in te d  d a i ly  
w ith  R inger. R esu lts  showed th a t  b o th  wounds hea led  
in  approxim ately  the  same tim e. The obvious answer i s  
t h a t  Asoorbio ao id  i s  absorbed from th e  su rfa c e  and e x e r ts  
i t s  a c t io n  sy s te m ic a l ly .
5* In  o rd e r  to d is c o v e r  the  a c t io n  a sc o rb ic  ac id  has on Ear 
wounds, the  t i p s  o f  guinea pigs* e a rs  were out o f f .
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This i s  a  s im i la r  type o f  wound to  the  th ig h  one except 
th e  sk in  i s  r i g i d l y  f ix e d  in s te a d  o f  be ing  lo o s e ly  
a t ta c h e d  to  th e  u n d e r ly in g  t i s s u e s .  A C ontrol group 
re c e iv e d  5 ™g. Ascorbic a o id  d a i ly  and a P r in c ip a l  
group re ce iv ed  ^ mg. on a l t e r n a t e  days. A s i g n i f i c a n t  
d e lay  was observed in  th e  P r in c ip a ls  whioh ag rees  w ith  
th e  p rev ious  sk in  experim ents and p roves how im portan t 
A scorb ic  ac id  i s  in  th e  h e a l in g  of sk in  wounds.
6. The In f lu en ce  of Ascorbic ac id  on th e  re g e n e ra t io n  o f  
c o m e a l  ep ithe lium  in  gu inea p ig s  i s  d is c u s se d .  A 
C ontro l and P r in c ip a l  group were fed th e  u su a l  o r a l  dose 
o f  Ascorbic a c id  and c i r c u l a r  a b ra s io n s  were made on 
th e  cornea by a new tech n iq u e . This wound a f f e c te d  
o n ly  the  ep ith e liu m . H ealing  was most r a p id ,  bo th  
groups being hea led  in  an average of 45 to  4^ hou rs .
The absence o f  any in f lu e n c e  on the  wounds does seem to  
sugges t t h a t  A scorbic a c id  d e f ic ie n c y  on ly  a f f e c t s  th e  
h e a l in g  of wounds when connective  t i s s u e  i s  p re se n t  and 
t h a t  the  power o f  e p i t h e l i a l  p r o l i f e r a t i o n  i s  no t 
im paired .
7* The e f f e o t  of Asoorbio ao id  on h e a l in g  o f Muoo~periosteum 
was s tu d ied . Two groups o f guinea p ig s ,  C on tro ls  and 
P r in c ip a l s ,  were g iven th e  u su a l  doses o f  Ascorbic a c id  
by mouth in  s o lu t io n .  The anim als were wounded in  the
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diastem a of the  upper Jaw and the  f r o n t  of the  low er 
Jaw. The r a t e  of h e a l in g  of th e  gum wounds was s im i l a r  
In  both  groups, the  average p e r io d  b e in g  6 days, which 
was a most s u rp r i s in g  r e s u l t .  I t  was thought t h a t  t h i s  
was due to  th e  absence o f ano th er  d i e t a r y  f a c t o r ,  and 
an exoeriment was c a r r ie d  ou t using  orange Ju ice  in s te a d  
o f  Ascorbic ao id  In  the C on tro ls .  The P r in c ip a l s  were 
g iven  th e  u su a l dose of A scorbic  a c id .  No change In  
th e  p rev ious  r e s u l t s  was observed. I t  appears  t h a t  
s y n th e t ic  Ascorbic a c id  i s  J u s t  as e f f i c i e n t  in  th e  
h e a l in g  p rocess  as orange Ju ic e .  This r e s u l t  su ggests  
t h a t ,  a l t h o u ^  v itam in  0 I s  of g re a t  im portan t in  the  
maintenance o f  th e  t e e th ,  i t  p lay s  an i n s i g n i f i c a n t  p a r t  
In  the r e p a i r  o f  wounded gum t i s s u e .
8 . The In f lu e n ce  o f P an to th en ic  Aeld on h e a l in g  of sk in  
wounds in  Rats was s tu d ie d .  In o rd e r  to  o b ta in  
P an to th en ic  ao id  d e f i c i e n t  anim als two d i f f e r e n t  types  
o f  d i e t  were t r i e d  a t  f i r s t .
a) P a n to y l- ta u r in e ,  a substance which I s  s a id  to  block 
th e  a c id  away from i t s  s i t e  o f  a c t io n  being  a  form o f  
growth I n h ib i t io n ,  was fed  w ith  the  main d i e t  which 
co n ta in ed  P an to th en ic  a c id .  200 gm. P a n to y l - ta u r in e  
p e r  k i l o  o f body weight were given to  a r a t  f o r  one 
month, bu t no d i f f e re n c e  in  weight and growth was n o t ic e d  
between t h i s  r a t  and one fed  on a normal d i e t  o f r a t  cake-
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n u ts .  I t  thus appears t h a t  d a i ly  a d m in is t r a t io n  o f  
P a n to y l- ta u r in e  to  r a t s ,  re c e iv in g  P an to th en ic  a c id  in  
th e  d i e t ,  does not e f f e c t  the  growth o f  th e  an im als ,
b) A s y n th e t ic  d i e t ,  which co n ta ined  Sucrose, Casein 
(v i ta m in - f r e e ) ,  O il ,  S a l t s  and Lard and a s o lu t io n  o f  
mixed v itam ins , was s u c c e s s fu l ly  fe d  to  r a t s .  C ontro l 
group, in  a d d it io n  to th e  b asa l  d i e t ,  were given 2Ç pg. 
P an to th en ic  a c id  d a i ly .  P r in c ip a l  group a t  f i r s t  were 
fe d  a com pletely P an to th en ic  a c id  d e f i c i e n t  d i e t ,  bu t 
t h i s  proved to  be too severe  and the  r a t s  d ied  a f t e r  
s e v e ra l  weeks on the  d i e t .  in s te a d  th e  r a t s  were given 
12 jif;. P an to then ic  ac id  d a i ly ,  thus  be ing  k ep t  on a 
p a r t i a l l y  d e f ic ie n t  d i e t .  The an im als  were k ep t  on t h i s  
d i e t  f o r  two weeks b e fo re  being wounded on both th ig h s .  
R e su lts  showed th a t  even p a r t i a l  P an to th en ic  ac id  d e f ic ie n c y  
b ea rs  an im portan t r e la t i o n s h ip  to  in d o le n t  h e a l in g  a s  the  
P r in c ip a l s  had a s i g n i f i c a n t  delay  in  h e a l in g .
9. P an to th en ic  a c id  ( Sepanthen-Salbe) o in tm ent was a p p lie d  
d i r e c t l y  to skin  wounds i n  a C ontro l and P r in c ip a l  
re c e iv in g  th e  same o ra l  d i e t  as above. Another C ontrol 
and P r in c ip a l  were on ly  given the  o r a l  d i e t  of P an to then ic  
a c id ,  t h e i r  wounds being  l e f t  untouched. Both anim als 
which had ointm ent a p p lie d  to  t h e i r  wounds hea led  in  a 
s h o r te r  time than the untouched r a t s ,  th e  P r in c ip a l s  
showing a  s ig n i f i c a n t  a c c e le r a t io n .  As t h i s  was only  a 
p i l o t  experiment no s t a t i s t i c s  can be g iven  but th e  r e s u l t s  
a re  q u i te  im portant enough fo r  f u r th e r  work to  be c a r r ie d
94.
R E F E R E N C E S .
Akalwa, H ., (1919)* J* Med. R es,, 42# 311. "A Q u a n t i ta t iv e
Study o f  Wound H ealing  in  th e  R a t."
Arey, L.B. (1932). Anat. Reo. g . ,  299. "C e r ta in  Basic
P r in c ip l e s  o f  Wound H ealing. "
Arey, L.B, (1936). Phys. Rev. 16, 327» "Wound H ealing . "
Arey, L.B. and Covode, W.M, (1937) .  As quoted from 
Arey (1936) .
A schoff, L. and Koch, W. (1919). S korbu t; Eine 
P a tho log isoh -ana tom ische  S tu d ie ,  Jena .
Bacon, J .8 .D .  and J e n k in s ,  G.N. (1943) .  Blochem. J . , 492
"P an to th en ic  Acid F ree  Diet f o r  R a ts ."
B arc lay , T .H .C ., C u thbertson , D .P ., and I s a a c s ,  A ., ( I9 4 3 ) .  
Q uart. J .  exp.  P h y s io l . ,  ^ 2. 309, " In f lu en ce  o f
M etabolic  S tim u lan ts  on v/ound H ea ling ."
V .  B ardeleben , H ., (1 9 0 I) .  Arch. f .  p a th .  Anat. u .
P h y s io l . ,  1^ ,  497.
B a rn e t t ,  J .w , and Robinson, F .A ., (1942) .  Biochera. J .  357.
"Analogues o f  P a n to th e n ic  Acid-Attempted P re p a ra t io n  
o f  Growth P rom oters ,"
B a r t l e t t ,  M.K., Jo n es , C.M., and Ryan, A .E ., (1942) .
New England J .  Med., 226, 469. "Vitamin C and wound 
H e a l in g ."
B ic k n e l l ,  F . , and P r e s c o t t ,  F . , (1942). The Vitamins in  
M edicine. London: Heinemann.
9 5 .
Bourne, 0. ( I 942). J . P h y s io l . ,  101, 327. "The E ffec t  o f  
Graded Doses o f  Vitamin C upon th e  R egeneration  o f  
Bone in  Guinea P igs  on a  S co rb u tic  D ie t ."
Bourne, G#H. (I9 42 ) . L ancet, 2. 66I. "Vitamin C and R epair  
o f  In ju re d  T is su e s ."
Bourne, G.H. (1944)* L ance t, 1, ^ 8 .  "E ffec t o f  Vitamin C 
D efic iency  on Experim ental Wounds."
Boyle, P .£ . , (1 9 3 8 ) ,  Am. J .  P a th . ,  I4 ,  843. "The E ffec t  o f  
A scorbic  Acid on Enamel Formation in  th e  T ee th  o f  
Guinea P ig s ."
Boyle, P .E . , Bessey, 0 . ,  and wolbach, S .B .,  ( 1937) . J .A .D .A ., 
24 , 1768. "Experim ental P roduction  o f  th e  D iffuse  
A lv eo la r  Bone Atrophy Type o f  P e r id o n ta l  D isease by 
D ie ts  D e f ic ien t  in  Ascorbic Acid,"
Bum , J . H . , (1937). B io lo g ic a l  S ta n d a rd is a t io n .  London :
Humphrey M ilford .
Burrows, M.T., (1924). J .  Med. R e s . , 615.
Canç)bell, H .G ., and Cook, R .P ., ( I 9 4 I ) .  B.M.J. 360. 
"Treatment o f  G in g iv i t i s  w ith  Ascorbic A cid ."
Campbell, H.G., and Cook, R .P . . ,  ( I9 4 2 ) ,  B, Dent. J . ,  %2. 6. 
The u se  of Ascorbic Acid in  th e  Treatment o f  Tooth 
E x tra c tio n s  vounds."
C a r le t on, H. M., ( I9 38 ) . H is to lo g ic a l  Technique. Oxford 
U n iv e rs i ty  P re s s .  2nd Ed.
96-
C a r r e l ,  A., (1910) . J,A.M.A. 55, 2148. “The Treatment 
o f  Wounds.“
C a r r e l ,  A., and Hartmann, A ., (1916). J .  Exp. Med. 429-
"C ic a t r i s a t i o n  o f  Wounds. 1 . The R e la tio n  between th e  
s iz e  o f  a Wound and th e  Rate o f  I t s  C i c a t r i s a t i o n .  “ 
C a r te r ,  C.W., M acfarlane, R ,G ., O 'B rien , J .R .P . ,  and Robb- 
Smith, A .H .T., (1945)- Blochem. J . ,  , 339.
“Anaemia o f  N u t r i t io n a l  Orgln In  th e  R a t . “
C la rk ,  A.H., ( I9 1 9 ) . Johns Hopkins Hosp. B u l l . , 50. I I 7 .
“The E ffec t  o f  D iet on th e  H ealing  o f  Wounds. “
Cowdry, E . V . , (1938). A Textbook o f  H isto logy .
London: H. Klmpton. 2nd Ed.
Cowdry, E .V ., (1938). M icroscopic Technique In  Biology
and M edicine. Baltim ore; The Williams and W llklns Co. 
Crandon, J . H . , Lund. C .C ., and D i l l ,  D.B., (19404- New
âhgland J .  Med., 2g3* 353- “Experim ental Human Scurvy. “ 
C u th b e r tso n , D .P .,  Shaw, G .B., and Young, P .O ., (I94 0 -4 1 ).
J .  a id o o r ln c lo g y , 2, 475- “Rate o f Wound H ealing . “
D a f t ,  F . S . ,  and S e b re l l ,  W.H., (1939)- Pub. H ea lth  Hep. wash., 
54» 2247. ” !4aemorrhaglo Adrenal N ecrosis  In  Rats on 
D e f ic ie n t  D ie ts .
D a l ld o r f ,  G. ( I9 3 I ) -  J-  E^qjer. Med., 52* “Haemorrhaglc
D ia th e s is  In  Experimental S cu rv y ,“
D a l ld o r f ,  G . , ( 1939) . The Pathology o f  Vitamin C D efic iency  -
The V ita m in s .“ Chap. I9 .  American M edical A s s . , Chicago. 
D a n l e l l l ,  J . F . , F e l l ,  H.B., Kodlcek, E. (1945) .  B .J . o f  Exp. 
P a th . ,  £6  , 367. “The E ffec t o f D if fe re n t  Degrees o f
97.
vitam in  C D efic iency  on th e  Phosphatase A c t iv i ty  
In  Ejqperlmental Wounds In  th e  Guinea P ig .  "
Davidson, J .  N .,, (1945) .  B. Med. B u ll,  j ,  73.
"Humoral Aspects o f  Wound H ea ling ."
Drummond, J .G . ,  (1920) .  Blochem. J .  1^ , 660. "The Nomenclature 
o f  th e  s o -c a l le d  Accessory Food F ac to rs  (V itam in s) ."  
E berth , C . J . ,  ( I 8 9 I ) .  I n t e r n a t ,  B e l t r .  z . w lssench. Med.
(F e s ts c h r .  R. V irchow )., 5 ,  75*
Eddy, W.H. and D a lld o rf ,  0. ,  ( I941 ) . The Avitam inoses.
London: B a l l l i e r e ,  T in d a l l  and Cox.
F is c h e r ,  A., (I93O). Virchows A rch ., 279. 94.
F is c h e r ,  A., ( I9 4 1 ) . Acta p h y s io l ,  s c a n d . , 54.
F is h ,  E.W., and H a rr is ,  L . J . ,  (1935) . B. Dent. J . ,  3*
"The E ffe c ts  o f Vitamin 0 D efic iency  on Tooth 
S tn ic tu r e  In  Guinea P ig s ."
Funk, C ., (1912). J .  S ta te  Med., 34I. "The E tio logy  o f
th e  D efic iency  D isea se s ."
G lroud, A., ( 1935) .  Compt. rend . Soc. de B i o l . , 120, 701. 
"R eactions des Animaux C arencables a des Doses 
C ro is sa n te s  d»Acide A scorbique."
G o th l in ,  G., (1934). N atu re , 134. 569- "Human D aily  Require­
ments o f  D ie tary  Ascorbic A cid."
G rand ison, W.B., S t o t t ,  L .B . , and Crulkshank, D .B ., (I942) .
B. Dent. J . ,  J 2, 237. " An I n v e s t ig a t io n  In to  th e
In f lu e n c e  o f  S y n th e t ic  Vitamin C as a C o n tro l l in g
F ac to r  in  th e  In c id ence  o f Dental C aries  In  alrgg^ay
C a lc i f ie d  T ee th ."
98.
Guha, B .C ., and Ghoah, A .R ., ( 1935) • N ature , 135,
234. "B io lo g ic a l  Formation of A scorbic  Acid." 
Qundersen, T ., and Liebtnan, 9 .D . , ( 1944) * Arch. O phth .,
31, 29" " E f fe c t  o f  Local A n a e s th e t ic s  on 
R egenera tion  o f  Cornea E p i th e l iu m ."
G yorgyi, P . ,  and P o lin g , C .E ., ( I9 4 0 ) . S c ience , 92 .
"P an to th en ic  Acid and N u t r i t i o n a l  A chrom otriohia in  
R a t s . "
Haber1an d t,  G ., (1921). S i tz u n g sb e r lc h te  P reuse . Akad.
W issensohaften , p .221.
Ham ilton, D .J . ,  ( I889) .  Text Book of Patho logy . Vol. 1 .
Chap. 17. p . 268. Macmillan and Co.
Harden, A ., and Z i lv a ,  S .S . ,  (I91B ). Blochem. J . ,  12, 259-  
269. "The a n t i s c o r b u t i c  f a c to r s  in  Lemon J u i c e . "  
H a r r i s ,  L . J . ,  ( 1935) « Vitamins in  Theory and P r a c t i c e .
Cambridge U n iv e r s i ty  P re s s .
H a r r is ,  L . J . ,  and Abbacy, M.A., ( 1937) » L ancet, 2, 1429.
"A S im p lif ie d  Procedure f o r  the  Vitamin C U rine  T e s t . " 
H a r r i s ,  L . J . ,  and Ray, S .N ., (1935). L ancet, 1, 71-
"D iagnosis o f Vitamin C B u b n u tr i t io n  by Urine A nalysis , 
w ith  a Note on th e  A n tis c o rb u t ic  Value of Human M ilk ."  
H a r t ,  C ., L ess ing , 0 . ,  (1913). Per Skorbut d e r  K le in e r  
K inder, S t u t t g a r t .
H ar tw e ll ,  G.A. (1929). Arch, o f  S u rg . , l ^ ,  835.
99-
Haworth, W,N,, and Szent-ftyorgyl, A ,, ( 1933) .  N ature , 131.
23. ”Hexuronlc Aold (Agcorblo Acid) a s  the 
A n tisco rb u tic  F ac to r .^
Henderson, L.M,, McIntyre, J .M . , Walsraan, H.A., and Elvehjera,
C.A., (1942). J .  N u tr i t io n ,  £2., ’’P an to then ic
Acid in  the N u tr i t io n  o f  the  R a t . ”
H erb e r t ,  R.W,, P e rc lv a l ,  E .G .? . ,  Re Arnolds, R. J , Smith, F . , 
and H i r s t ,  E .L., (193? ) ,  J .  Soc. Chem. In d . ,
221, 4^1 . ”C o n s t i tu t io n  o f  A scorbic A c id .”
H ôjer , J .A . ,  (1924). Acta. P a o d l a t r . , J ,  34*
H 6l9 t, H ., and Fr5l l c h .  T., (1907), Scurvy. J .  Hyglane,
%, 634* ’’Exnerlmentsl S tu d ie s  R e la t in g  to  S h ip - 
B eri-R er l  and S cu rvy ,”
Howes, S .L , , B riggs, H,, Shea, R . , and Harvey, S . C . ,  ( 1933) « 
Arch. S u rg .,  g%, 846.
Ho-ree, E .L . , and Harvey, S .C ., (1932). J .  Exp. Med., 5S>
577' ”The Age Factor In  the V e lo c ity  of the  Growth 
of F ib ro b la s ts  In th e  H ealing Wound.”
Hunt, A.H., (1941). B r i t .  J .  Surgery, 28, 436. ’’The Role
of Vitamin C in  Wound H e a l in g .”
I s h id o ,  B ., (1923). Arch, f ,  p a th .  Anat. u . P h y s io l . , 240.
241.
Kent, B .S ., (1943). la n c e t ,  642. ’’N ec ro tic  G in g iv i t i s .  ”
Lanaian, T .H ., and In g a l l s ,  T .H ., ( 193? ) .  Ann. S u rg . , 105.
616. ”Vitamin C Defleitenoy and Wound H ealing, ”
1 0 0 *
Laroher, A ., (I927 ) . Arch, d l  F l e l o l . ,  2^ , 348. " In f lu en za  
D ellav ltam lnose  S u l la  R lgenerazlone Del T e s s u t l . "
Lauber, H .J . ,  (1934). B e l t r ,  2. k i l n .  G h lr., 158, 293
Lepkovsky, S . ,  and Nelson, M.T., (1924). J .  B io l.  Chem.,
52., 91* "O bservations on the  P e r s i s ta n c e  o f  Vitamin 
0 In  the  L iv e rs  o f  Hats on a S co rb u tic  R a tio n ."
Lind, J * ,  (1757). A T re a t i s e  on Scurvy. London, 2nd. Ed.
L iv in g s to n e , P .O ., and Walker, H.M., (1940). B r i t .  J .
O p h th a l . , 67. "A Study of th e  E ffe c ts  o f  L iqu id
Mustard Gas upon the Eyes of R abb its  and o f c e r t a i n  
Methods o f T re a tm e n t."
Loeb, L . , (1898). Arch. f .  Entwiok. -  meoh. d. O rg., 6, 297*
"Uber R egeneration Des E p l th e l s ."  ~
Loeb, L ., (1920). J .  Med. R es., 41, 247*
L yle , T.K., and McLean, D.W., (I9 41 ) . B r it . J .  O phthal.,
25, 286. "Vitamin C: I t s  T herapeu tic  Value in
Inflammatory C onditions of the  Cornea."
Macrae, T .F . , e t  a l . , ( I9 3 9 ) .  Blochem. J . , 55, 168I.
"O bservations on L iver F i l t r a t e  F ac to r  o f Vitamin Bg
Complex."
Mann, I . ,  and P u l l in g e r ,  B .D ,, (1940). B r i t .  J ,  O p h th a l . ,
24, 444. "Experiments on the  E f fe c t  o f  A scorbic
Acid In  Mustard Gas Burns o f  the Eye."
Marchand, F . ,  ( I9 C I) .  Der P r o c e s s  der Wundhelling, S t u t t g a r t .
Matsumoto. ( I9 1 8 ) .  J .  Exp .  Zoo., 26, 545.
1 0 1 .
Mouriquand, G,, {1936)* Compt. Rend. Soo. de B i o l . ,  129.
673* **A v i t a m i n o s e  C a lgue  A s y m p t o m a t i q u e . "
Moülroy, L.W., Salomon, K ., Pigge, F .H .J . ,  and Oowgill, G .R., 
(1941). Science, 4^7* "On th e  Porphyrin  
Nature of th e  F luo rescen t Blood-caked lYhiskers o f  
P an to then ic  Acid D e f ic ie n t  R a ts ."
Mollwain, H ., and Hawking, F ., ( 194) )  * L ancet, 1, 449* 
"Chemotherapy hy Blocking B a c te r ia l  N u tr ie n ts  -  
A n t i - s t r e p to c o c c a l  A c t iv i ty  o f  P a n to y l ta u r in e ."
du Nody, P.L. (1932). Compt. rend . Boo. B io l . ,  109. 1227* 
"Une Mesure de L *A ctiv ité  P h y s io lo g iq u e ."
P a rso n s , J . H . , (1904). The Pathology of th e  Eye. Vol. 1. 
P a r t  1. ,  151. London: Rodder and S toughton.
P arsons , H .T ., and Hutton, M.K., (1924)* J  * B io l.  Chem.,
59. 97. "Some F urther O bservations Concerning the 
A n tisc o rb u tic  Requirement of the R a t ."
P o s t ,  L . ,  (1923). Am. J .  O ph thal., 6, 559- " S f fe e t  o f  
Drugs upon th e  Regeneration o f  Corneal E p ithe lium ."
R anv ler, L . , (1898). C.R. Acad.  S c . ,  924.
R off, F .3. ,  and Glazebrook, A .J . ,  ( I9 4 0 ) . B r i t .  Dent. J . ,
68, I3Ç, "The Therapeutic  Use of Vitamin C in
G in g iv i t i s  of A dolescents. "
S a l t t a ,  3. ,  (1929). S cr. B iol. L. C a s t a ld i . ,  ^  3^1*
S a l t  t a ,  S . ,  (1930). S c r l t t i .  b i d . ,  5, 273.
1 0 2 .
Sandblom, P . ,  ( 1944) » Acta o h i r .  Scand., 22j 3up p l.  89.
S c a rb o ro u ^ ,  H ,, ( I9 3 9 ) . Blochem. J . ,  2i  14^0 . "Vitamin 
P . "
Scarborough, H ., ( I9 4 0 ) . L ancet, 2.» ^44* "D efic iency  o f  
Vitamin C and P in  Man."
Scarborough, H ., and Stew art, C .P .,  ( I 938) . Lancet,
610. "E ffe c t  o f H esperid in  (Vitamin P) on C a p i l la ry  
F r a g i l i t y .  "
S c h a e f fe r ,  A . J . ,  (1946). Proo. Soc. Exper. B io l.  Med.,
165. "Amino Acid A cc e le ra tio n  of Wound H ea ling . "
Schwarz, K ., ( 1944)* Nutr. A betr. Rev., 1^  No. 2 , 268.
"The E f fe c t  of P an to then ic  Acid on Growth of R a ts ."
Schour, I . ,  and M assler, M., ( I9 4 5 ) .  Phys. R ev ., 2^ , 450. 
"D ie ta ry  D e f ic ien c ie s  and Oral S t r u c tu r e s . "
S o io lo u n o ff, F ., and Naz, E ., ( I 945) .  Sohw eizerische  
M edizinieohe Woohensohrifti No. 35» 7^7' "La 
thérapeutique par 1*a cid e  Pantothenique en A pplication  
L o ca le ."
S h ip le y ,  P .G ., McCollum, E .V ., and Simmonds, N ., (1 9 2 I) .
J .  B io l.  Chem., 42, 399* "S tud ies  on Experim ental 
R ick e ts .  "
S ieve , B ,, (1941). Science, 2A> 1^7« "D ie ta ry  Requirements
fo r  F e r t i l i t y  and L a c ta t io n ."
S n e l l ,  E , , ( 1943)» Science, 2i> 1^8. "Production o f
P an to then ic  Acid D efic iency  in  Mice w ith  P a n to y l ta u r in e . "
1 0 3 .
S p a i n ,  K . C . ,  a n d  L o e b ,  L . , ( I9 1 6 ) .  J ,  E xp .  M e d . ,  107.
S p ie s , T .D ., e t  a l . ,  ( I9 4 0 ) .  11^ ,  2g2 . "Some
Recent Advances in  Vitamin Therapy."
StefansBon, V ., ( 1939)* Science, 83^ , 4^4 * "A Dilemma in
V itam in s ."
S tn h l ,  F , ,  (1943). Lancet, 1 , 64O. "Vitamin 0 Sub­
n u t r i t i o n  in  O in R iv o -s to m a ti t is ."
S u l l iv a n ,  M . , and N ichols, J . ,  ( I9 4 2 ) .  Aroh. Derinat. and 
S yph., 45., 917* " N u tr i t io n a l  Dermatoses in  the  
Rat. 6. The E ffec t  of P an to then ic  Acid D efic ien cy ."
S v irb e ly ,  J . L . , and Szent-Gyorp^ri, A., (I932)* N ature, 129. 
576. "Hexuronic Acid as  the  A n tis c o rb u t ic  F a c t o r . "
Bio chem, J , , 865. "Chemical Nature o f  Vitamin C."
T a f f e l ,  M . , and H a r v e y ,  3.C .,  (1938). P r o o .  S o c .  Exp.
B io l,  and Med., 38, 518. "E ffec t  o f A bsolu te  and
P a r t i a l  Vitamin C D eficiency on th e  H ealing of Wounds."
Thomson,  W., (1936). J .  H y g i e n e ,  36, 24. " S t o c k  D i e t  f o r  
R a t s . "
Todhunter, E .H ,, R oblins, R . C . ,  Ivey, S . ,  and Brewer, W,, 
(1940), J ,  N u tr i t io n ,  12, 113. "Comparison o f  
U t i l i z a t i o n  by Guinea P igs o f E c r iv a ie n t  Amounts o f  
Ascorbic Acid in  Lemon J u ic e  and in  C r y s ta l l in e  Form."
Tower, S .S . ,  (1935) ' Am. J .  A nat., 55» 1- 44. "Atrophy 
and Degeneration in  S k e le ta l  Muscle."
104.
Unna, K., ( I9 4 0 ) .  J ,  N u t r i t io n ,  20, 565. "The
P an to th en ic  Acid Reoulrement of th e  R a t . "
Unna, K ., and C re s l in ,  J . ,  ( I9 4 0 ) . Proo. Soc. Exp. B io l.
and Med., 31I. «T oxicity  o f P an to th en ic  A c id .«
Unna, K ., and R icharde , O .V., (1942). J .  N u t r i t io n ,  23.
545* "R e la t io n sh ip  between P an to then ic  Acid Require­
ment and Age in  Rat.
Unna, K., and Sampson, W.L., (1940)* Proo. Soc. Exp. B io l, 
and Med., 45.» 309. " E f fe c t  o f P an to th en ic  Acid on 
the  N u t r i t i o n a l  A chrom otriohia ."
J .  N u t r i t i o n ,  2£, 533* "S tud ies  of N u t r i t i o n a l  
A ohroraotrichla in  R a ts ."
Vedder, E .B ., and Rosenberg, G ., (I938) . % J .  N u t r i t io n ,  16.
57.
Waoholder, K ., ( 1939) » P f lu g e rs  Aroh. f .  d. g es . P h y s io l . ,
N
241. 370. "Anderungen im Vitamin C -  H aushalt b e i  
Mangel em âh ru n g .
W ainwright, W.W,, and Nelson, M.M . , (1945)* Amer. J .
O rth o d o n tic s  and O ral Surgery, J l ,  406. "Changes 
in  th e  Oral Mucosa Accompanying P an to th en ic  Acid 
D efic ien cy  in  Young R a t s . "
Wau#i, W.A., and King, 0. 0. ,  ( 1932) .  S c ience , 22., 357,
"The Chemical Nature o f  Vitamin C."
J .  B io l. Chem., 325* " I s o la t io n  and I d e n t i f i c a t i o n  
o f  Vitamin C ."
lOÇ.
W einste in . ( I 9 0 ) ) , A. f .  Aug., 4â»
Werner, R. ( I9 0 2 ) .  B e i t r .  * . k l i n .  C h l r . ,  24»
W estin , G ., (1925)* Dent. Cosmos., ê L  868. "S co rbu tic
Changes i n  th e  Teeth  and Jaws in  Man."
W illiam s, R . J . ,  (1939). S c ience , §2 , 486. "P an to th en ic  
Acid, a V itam in ."
W illiam s, R . J . ,  (1943). Advances in  Snsymology, i ,  253.
"The Chem istry and B iochem istry  o f  P an to th en ic  A cid ."
W illiam s, R . J . ,  tjraan , C.M., Goodyear, C .H., T r^iesdall, J . H . , 
and Holady, D., ( 1933) .  J .  Am. Chem. S oc., J J ,  2912 
"P an to th en ic  Acid, A Growth Determ inant o f  U n iversa l 
B io lo g ic a l  O cc u rre n ce ."
W illiam s, R . J . ,  M ajor, R . , ( I9 4 0 ) .  S c ience , 21  ^ 246. "The 
S t ru c tu r e  o f  P an to th en ic  A c id ."
Wolbach, 3.B . ,  (19 26 ). Arch. P a th . , J,, 1. " I n t e r c e l l u l a r  
Substances i n  Experim ental S co rb u tu s ."
Wolbach, 3.B . ,  ( 1933) * Amer* J. P a t h . , 2.» 689, "C o n tro lled
Formation o f  Collagen and Reticulum; A Study o f  
I n t e r c e l l u l a r  Substance i n  Recovery from Experim ental 
S c u rv y ."
Wolbach, S .B .,  ( I 9 3 6 ) .  New England J* Med., I I5 8 .
Wolbach, S .B , , ( 193? ) .  J .  Amer. Med. A s s . , I08 . 7*
"P a th o lo g ic  Changes R e su lt in g  from Vitamin D ef ic ien cy ."
Wolbach, S .B . , and Bessey, O.A., (1942). Phys. R ev ., 22,
233. "T issue  Changes in  Vitamin D e f ic ie n c ie s ."
106.
Woolley, O.W., (1941). Ppoc. Soc. B io l, and Mod., 46.
56$. "R e la t io n sh ip  o f P an to th en ic  Acid to  A lopecia 
in  M ice ."
Young, J . S . ,  F is h e r ,  J . A . , and Young, M., ( I9 4 1 ) .  J .  P ath , 
and B a o t . , JR» 225. "Some o b s e rv a t io n s  on th e  
H eeling  o f  Experim ental Wounds In  th e  Skin o f  th e  
R ab b it ."
Z l lv a ,  S .S . ,  (1928). Blochem. J . ,  £ i  I I9 9 .  "The 
A n t is c o rb u t ic  F ra c t io n  o f  Lemon J u i c e . "
Z l lv a ,  9. 9. ,  and W ells , F.M., (1919). P ro s . Roy. S o o . , 
Lend ., 22» 505. "Changes in  th e  Teeth o f  the
'I ' =.
Guinea P ig  Produced by a S co rb u tic  D ie t ."
AOlQIOWLSlXRfEHTS
My thanks a r e  due to  P ro fe s so r  R. 0 . Garry f o r  
h i s  s u p e rv is io n  d u r in g  th e  cou rse  o f  t h i s  wortc.
I  am in d e b te d  to  Boohe P roducts  L t d .» Welwyn 
Garden C ity , f o r  a p e rso n a l  g ra n t  f o r  the  p e r io d  
d u rin g  which the  r e s e a rc h  was c a r r i e d  o u t .
To P ro fe s s o r  A. D. H itch in  my thanks a r e  due f o r  th e  
i n t e r e s t  he has shown i n  t h i s  work and f o r  th e  ready h e lp  
t h a t  he has given i n  c e r t a in  p r a c t i c a l  m a t te r s .
